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DEPARTMENT OF ENERGY HIGH- 
PERFORMANCE COMPUTING ACT OF 1991 



THURSDAY. APRIL 11, 1991 

U.S. Senate, 
Committee on Energy and Natural Resources, 

Washington, DC. 

The committee met, pursuant to notice, at 2:03 p.m. in room 317, 
Dirksen Senate Office Building, Hon. J. Bennett Johnston, chair- 
man, presiding. 

OPENING STATEMENT OF HON. J. BENNETT JOHNSTON, U.S. 
SENATOR FROM LOUISIANA 

The Chairman. The hearing will come to order. 

We are pleased today to have this hearing on S. 343, the Depart- 
ment of Energy High-Performance Computing Act of 1991. I want 
to thank Senator Ford for his leadership in this area, and, particu- 
larly, Senator Gore for his leadership. Senator Gore has worked 
many, many years in the area of supercomputers and has helped 
push this country forward in this area. 

While the United States ( ontinues to lead the world in the devel- 
opment of high-performance computing, that lead is being chal- 
lenged. Some estimate that the Japanese will dominate the super- 
computer market within the next few years. Yet, the Japanese did 
not enter the field of high-performance computing until 1983. 
Today, outside of the United States, Japan is the single biggest 
market for, and supplier of, supercomputers. 

The United States needs an integrated, cooperative effort among 
industry, universities, and Government in stipercomputing to meet 
the challenge of foreign competition. The pu*-pose of my bill is t^ 
establish just such an effort. 

The Department of Energy has always had a key role in high- 
performance computing research. In 1976, when Seymour Cray de- 
veloped the world's first real supercomputer, it was the Los Ahmos 
National Lab that purchased the new computer for $13 million. 

Since that time, the Department's laboratories have become the 
world's most demanding, sophisticated, and experienced users of 
supercomputers. Manufacturers of high-performance computers 
routinely send new prototype computers to the national labs for 
testing. The labs help the manufacturer identify and solve prob- 
lems, and write unique software packages. The Department and its 
laboratories are in a position to help the United States maintain its 
leadership, strengthen the U.S. computer industry, and encourage 
the use of supercomputers throughout U.S. industry. 

(1) 
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I believe that this bill builds on that proven ^elationsh p becau^ 
it encourages even more col aborations between the national lab- 
orSes and other Federal laboratories, universities, and industry^ 

The for the establishment of a national high speed 

comouter network. This network will link Government, industry, 
anZlcatirn Us^^ across the country will have access to super- 
rnmnutera computer databases, and other research facilities. 
Th'e KXfhe ^retary' of Energy to establi^^^^^^^^^^ 
I have selected the Department bg^ause I am confident of their ca 
oabilitv to run such a network. But perhaps that is not the best 
Croach I hope the witnesses today will comment on the proper 
mnnaffement stT'Ucture for the network. i. x f« 

TbflTve the Department of Energy has an ™P»rtant role *o 
play in iiue, and I hope today we can better learn where the 

°l«a7eS Sat^^Mirr^ W^^^^^ and Domenici and 

the text of S. 343 follow:] 

^«.xj^vr Mat/^oim Wailop U.S. Senator From Wyoming 
Prepared St\tement of Hon. Malcoijw wallop, u.o. oiv^i^ 

romance computers fnd Wph-'P'f ■«fS'*e iSfitS itS^^^ 
SM^s^l&To^r^^^^^^ - benefit fro. their 

Federal ro e in tne P^o^iotion of Jugh-i^rf^^^^^ uTs SrSmt that the ongoing 
Tn crafting the necessary legulation, however, u >"ipur ^ important 

process within the Administration d'f.'^P*t?: Ad^nLtVa^ to 

Lt the authorizing legislation not "nduly Imut the Admm«tra^ion^ne«^ y 
nodify its high-performance computmg program as cnanging ti.^uui 

'Tiook forward. to working with the Administration to creJt appropriate and re- 
sponsible legislation. 

PHEPARED StAT^IKNT Or HON. PeTB V. DOMENICI. U.S. SENATOR FROM NeW MEXICO 

Mr. Chairman. I want to commend you fo^J^^^^Jef^^^^^^ to advance 

The legislation before the (^"^^X^/^SH^is U of na^^^^^ be- 
high-pei?ormance computmg and ^efworlung. Ihw w w^^ 
SLe continued advancement is vital to Nation s econom c^om^ 

tional security, to our scientific «dvan«ment a^^^^^^ 3^^^- 

High performance computmg got its start in the late ^J,'*'^^^'"^^^ used to 

ty"'?ld.^ut today it is ukquitous. S^f^P^^^^^^jj^SJi ^^^^ lines; 
design automobUes and airplanes; °PS^^^f?_"^^re Si L oil exploration; and 

as -rSMTn^T^^^^ - 
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percomputers will be required to understand the data created by the superconduct- 
ing supercollider. 

If we can expedite the next round of supercomputers and associated software— 
and transfer thpt technology to private industry— we can materially benefit our so- 
ciety and economy. 

The legislation before the Committee has two key elements. First, it would create 
a nation-wide, high-speed computer network; and second, it would create supercom- 
puting collaborative consortia to undertake research and development on high-per- 
formance computing hardware and associated software. 

The proposed high-speed computer network— the ^'interstate highway system'* for 
computers— would vastl j facilitate the transfer of information and promote the effi- 
cient utilization of supercomputing resources. 

The collaborative consortia would undertake research and development of high- 
performance computing hardware, software and networks. And given the extensive 
use of computers in our society, even minor advances will provide major benefits. 

I hope that the Administration will work with us to formulate legislation which 
will compliment and advance the Administration s ongoing high-performance com- 
puting effort. 
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II 



io2d congress 

1st Session 



S.343 

To provide for continued United States leadership in high-performance computinp. 



IN THE SENATE OF THE UNITED STATES 

Febbuaby 5 (legislative day, Januaby 3), 1991 
Mr. Johnston (for himself. Mr. Wai^lop. Mr. Ford. Mr. Domenici. 
BiNGAMAN. and Mr. Cbaig) introduced the following bill; which was 
twice and referred to the Committee on Energy and Natural Resources 



A BILL 

To provide for continued United States leadership in high- 
performance computing. 

1 Be it enacted by the Senate and House of Representa- 

2 lives of the United States of America in Congress assembled, 

3 SECTION 1. SHORT TITLE. 

4 This Act may be referred to as the "Department of 

5 Energy High-Performance Computing Act of 1991". 

6 SEC. 2. FINDINGS. 

7 The Congress finds that: 

8 (a) advances in h-;h-performance computer science and 

9 technology are vital to the Nation's defense, scientific ad- 
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2 

1 vancement, international competitiveness and long-term 

2 prosperity; 

3 (b) the Department of Energy and other Federal agen- 

4 cies have a critical need for a nationwide high-capacity com- 

5 puter network; 

6 (c) the Department of Energy is the Federal agency 

7 having the greatest degree of expertise and knowledge in the 

8 research, development and use of high-performance comput- 

9 ers, associated software and networks; 

10 (d) the Department of Energy's expertise and knowl- 

11 edge is due in part to its ownership and use of the greatest 

12 number of high-performance computers of any Federal 

13 agency; 

14 (e) the Department cf Energy's expertise and knowl- 

15 edge is also due in part to its numerous national laboratories 

16 that have personnel with particular expertise in the research, 

17 i^esign, development and use of high-performance computers, 

18 associated software and networks; and 

19 (0 the Department of Energy is the Federal agency that 

20 is particularly well equipped to undertake additional research 

21 and development of high-performance computing hardware 

22 and associated software, ana to design, implement and 

23 manage a multi-gigabit per-second nationwide computer net- 

24 work connecting Federal departments and agencies. 
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1 SEC. 3. PURPOSES. 

2 The purposes of this Act are: 

3 (a) to promote the research and development of high- 

4 performance computers and associated software; and 

5 (b) to create a multi-gigabit per-second nationwide eom- 

6 puter network for use by the Department of Energy and 

7 other Federal departments and agencies. 

8 SEC. 4. DEFINITIONS. 

9 For the purposes of this Act, the term— 

10 (a) "Secretarv" means the Secretary of Energy; 

11 (b) "Department" means the Department of Energy; 

12 (c) ''Federal laboratory" means any laboratory, or any 

13 federally-funded research and development center, that is 

14 owned or leased or otherwise used by a Federal agency or 

15 department and funded by the Federal Government, whether 

16 operated by the Government or by a contractor; 

17 (d) "national laboratory" means any Federal laboratory 

18 that is owned by the Department of Energy; 

19 (e) "educational institution" means a degree granting 

20 institution of at least a Baccalaureate level; and 

21 (0 "software creation" means any innovation or prepa- 

22 ration of new computer software of whatever kind or descrip- 

23 tion whether patentable or unpatentable, and whether copy- 

24 rightable or noncopyrightable. 

25 (g) "Director" means the Director of the Office of Sci- 

26 ence and Technology Policy. 
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1 SEC. 5. DEPARTMENT OF ENERGY HIGH-PERFORMANCE COM- 

2 PUTING PROGRAM. 

3 (a) The Secretary, acting in accordance with the auihor- 

4 ity provided by the Federal Nonnuclear Energy Research 

5 and Development Act of 1974 (42 U.S.C. 5901 et seq.) shall 

6 establish a High-Performance Computing Program (herein- 

7 after referred to as the "HPC Program"). 

8 (b) Within one year after the date of the enactment of 

9 this Act, the Secretary shall establish a management plan to 

10 carry out HPC Program activities. The plan shall— 

11 (1) be developed in conjunction with the Direc- 

12 tor's overall efforts to promote high-performance com- 

13 puting; 

14 (2) summarize all ongoing high-performance com- 

15 puting activities and resources at the Department that 

16 are not classified or otherwise restricted; 

17 (3) describe the levels of funding for each aspect 

18 of high-performance computing that are not classified 

19 or otherwise restricted; 

20 (4) establish long range goals and priorities for re- 

21 search, development, and application of high-perform- 

22 ance computing at the Department, and devise a strat- 

23 egy for achieving them; and 

24 (5) ensure that technology developed pursuant to 

25 the HPC Program is transferred to the private sector 

26 in accordance with applicable law. 

S 343 IS 
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1 SEC. 6. DEPARTMENT OF ENERGY HIGH-PERFORMANCE COM- 

2 PUTING PROGRAM ACTIVITIES. 

3 (a)(1) The Secretary shall establish a national multigiga- 

4 bit-per-second computer network to be known as the "Feder- 

5 al High-Performance Computer Network". 

6 (2) The Secretary shall provide for the Unkage the 

7 Federal agencies and departments, and other persons as the 

8 Secretary may deem appropriate. 

9 (3) The Network shall be designed, implemented and 

10 mana,jed by the Secretary of Energy, in consultation with 

1 1 other Federal departments and agencies. 

12 (4) The Secretary may make use of existing Federal fa- 

13 ciUties and networks as may be appropriate to carry out the 

14 requirements of this section. Provided, That the Federal de- 

15 partment or agency concurs in such use. 

16 (b) The Secretary shall promote education and research 

17 in high-performance computational science and related fields 

18 that require the application of high-performance computing 

19 resources by making the Department's high-performance 

20 computing resources more available to undergraduate and 

21 graduate students, post-doctoral fellows, and faculty from the 

22 Nation's educational institutio*^" 

23 (c) The Secretary shall establish at least two CoUabora- 

24 tive Consortia, and as many more as the Secretary deter- 

25 mines are needed to carr\' out the purposes of this Act, by 

26 soUciting and selecting proposals: 

S 343 IS ^2 
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I (1) Each collaborative consortium shall — 

"2 (A) undertake basic research and dcvelop- 

3 nient of high-performance computin{j hardware 

4 and associated software technology; 

5 (B) undertake research and development of 

6 advanced prototype networks; 

7 (C) conduct research directed at scientific 

8 and technical problems whose solutions require 

9 the application of high-performance computing re- 
10 sources; 

II (D) promote the testing and uses of new 

12 types of high-performance eomputin/? and related 

13 software and equipment; 

14 (E) serve as a vehicle for computing vendors 

15 to test new ideas and technology in a sophisticat- 

16 ed computing environment; and 

17 (F) disseminate information to Federal de- 

18 partments and agencies, the private sector, educa- 

19 tional institutions, and other potential users on the 

20 availability of high-performance computing lacili- 

21 ties. 

22 (2) Each Collaborative (Jousortium shall be com- 

23 prised of a lead institution, which has responsibility lor 

24 the direction and performance of the consortium, and 

25 participants from industry. Federal laboratories or 
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1 agencies, educational institutions, and others, as may 

2 be appropriate. 

3 (3) Each lead institution shall be a national labo- 

4 ratory which has the experience in research on prob- 

5 lems that require the application of high-performance 

6 computing resources. 

7 (4) The consortium may fund research and devel- 

8 opment associated with prototype computing technolo- 

9 gy provided that industrial participants in each consor- 

10 tium shall not be reimbursed for costs associated with 

11 their own involvement. 

12 (d) The provisions of the National Cooperative Research 

13 Act of 1984 (15 U.S.C. 4301-4305) shall apply to research 

14 activities taken pursuant to this section. 

15 (e) Each Collaborative Consortium may be established 

16 by a Cooperative Research and Development Agreement as 

17 provided in section 12 of the Stevenson- Wydler Technology 

18 Innovation Act of 1980 (15 U.S.C. 3710a). 

19 (0 The Secretary shall report annually to the Committee 

20 on Energy and Natural Resources of the Senate and the 

21 Committee on Science, Space, and Technology of the House 

22 of Representatives regarding the HPC Program. 

23 SEC. 7. GOVERNMENT AND PRIVATE SECTOR COOPERATION. 

24 In accordance with applicable law, the Secretary may 

25 cooperate with, solicit help from, proviae funds to, or enter 
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1 into contracts with private contractors, industry, governiaent, 
L) universities, or any other person or entity the 8ecretary 
8 deems necessary in carrying out the provisions of this Act. 

4 SEC. 8. OWNERSHIP OF INVENTIONS AND CREATIONS. 

5 (a) Except as otherwise providec' )y the National (-om- 
B pe.itiveness Technology Transfer Act of 1989 (108 Stat. 

7 1H74) and any other applicable law, title to any invention cr 

8 software creation developed under this Act shall vest in the 

9 United States and shall be governed by the provisions of sec- 
10 tion 9 of the Federal Nonnudear Energy Research and De- 
ll velopment Act of 1974 (42 U.S.C. 5908). 

12 (b) Trade secrets and coinmercial or financial infornia- 

13 tion that is privileged and confidential and which is obtained 

14 from a non-Federal party participating in research or jther 

15 activities under this Act may be withheld in accordance with 
It) section 552(b)(4) of title 5, United States Code. 

17 (c) The Secretary, for a period of up to five years after 

18 the development of information that results from research 

19 and development activities conducted under this title and that 

20 would be a trade secret or commercial or financial informa- 

21 tion that is privileged or confidential, under the meaning of 

22 section 552(b)(4) of title 5, United States (Jode, if the infor- 

23 mation had been obtained from a non- Federal party, may 

24 provide appropriate protection against the dissemination ol 
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1 such information, including exemption from subchapter II of 

2 chapter 5 of title 5, United States Code. 

3 SEC. 9. AUTHORIZATION. 

4 There is authorized to be appropriated such sums as are 

5 necessary to carry out the purpose of this Act. 

O 
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The Chairman. Do either of my colleagues have a statement to 

Senator Ford. I would like to make a short statement if you do 
not mind, Mr. Chairman. 
The Chairman. Yes, Senator Ford. 

STATEMENT OF HON. WENDELL H. FORD, U.S. SENATOR FROM 

KENTUCKY 

Senator Ford. I am pleased to be able to participate in this hear- 
ing this afternoon on Senator Johnston's supercomputing bill. This 
is an issue that is being considered by both the Energy Committee 
and the Commerce Committee. I sit on both of these committees. 

We have a distinguished group of witnesses today, and I am very 
pleased that they are here. I am delighted to see my good friend 
and the distinguished Senator from Tennessee, Senator bore. 1 
know he has worked hard on this issue. He and I sit on the Com- 
merce Committee together, and he has held quite a few hearings 
there. The Commerce Committee just reported a bill on supercom- 
puting. I know this committee looks forward to working with him 
and the Commerce Committee on this issue. 

Senator Johnston, I commend you for scheduling this heanng 
before the full committee, because this is an important issue, ihe 
supercomputer industry is one of the few technologies where this 
country still has the lead. That lead, in my opinion and in the opin- 
ion of others, is slipping away. We could keep that lead with just a 
little effort, and I underscore just a little effort, by the Federal 

Gov ^ment. . . tv/t 

' forward to hearing from, the witnesses this afternoon, Mr. 
Chairman, on what the Federal effort might and should be. 
Thank you, sir. 

The Chairman. Further comments? 

STATEMENT OF HON. JEFF BINGAMAN, U.S. SENATOR FROM NEW 

MEXICO 

Senator Bingaman. Mr. Chairman, let me just make a very brief 
statement. I have an opening statement that I will put in the 
record with your permission. But I do want to compliment you on 
cosponsoring your bill. I think it is an excellent proposal. I want to 
compliment Senator Gore, and I cosponsored his legislation on this 
issue in the last Congress and again this time. ^ , , , , 

I do think not only is it important that this area of technology be 
addressed— and it does have a great many ramifications for us 
throughout our economy and our ability to remain competitive and 
stay at the lead in science and technology— but also the process 
that he has identified and that the FCCSET Committee has identi- 
fied, and yourself, of trying to get the cross-agency coordination ot 
effort I think is very important. It is an example of what we need 
to do more of in our Government. And I think there is great prom- 
ise for making progress in this area, and I hope it can be a model 
for what we can do in some other areas as well. 

Thank you. r u i 

[The prepared statement of Senator Bingaman lollows:j 
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Prepared Statement op Hon. Jeff Bingaman, U.S. Senator From Mew Mexico 
Mr Chairman. I believe this is an important hearing because it deals with an 
area of t^SS^ thaJ is pervasive and enabling throughout the entire scientific, 
So oricaT anf educational communities. It is clearly one of the "iticjd techno - 
SthS aooears on the lists compiled by the Department of Defense in their Criti- 
cfl T^fnolSS pTan the rSpa^ of Commerce's Emerging Technologi^ Report, 
?hi SSndf?:rSl Technolo^^^^ Report, and numerous industna association re- 
flirts sSt the Aer^^^^ IndustrierAssociation's Key Technologies for the Year 

Ts you are well aware, I am a co-sponaor of l^^J^^i^V*"^^^^^ 
todav's hearinK, and I have co-sponsored a related measure S. ill, the "^S"/®*^ 
{°?r4lSK Act of 199C 
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Communications iniim^^^^^^^ "TTicaogy (FCCS^^ an implementation 

IS^^SfraS^^^^^^^^ effort^resents a model to 

Tc^^^dVofMi Ch'^^^^^^^^^ Senator Gore for your respective effort, to en- 
courS^ the SS:utive Branch to vigorously pursue those technologies that cut 

'^1t°^=»tre&^^^^^ 

initiative as a ODDortunitv, but as a potential competitor for the limited set oi avail 
ab^rds ag^JTE^^^^ of tecWlogy.that are their traditional constituents, 
such as fusion, nuclear physics, particle physics, etc. initiative A role that 

I believe the DOE must have a strong role to play in this m tiative. A roie inat 
thev have historicSly played on the area of supercomputers. The Department of 
EnerelTas Sei^^^^^ focal point and pioneer in nrtually all aspects of super- 
SSpSiS^r^aSh and develop^^^^ from the world's first Xo'Tc^o^iratw; 

J /k« Nfltional Laboratory to the implementation ot cooperauve 

5J^a"h »d?e41S^ent t^men^^ in the area of superoomputmg 

"L''?So?f«S^K"rroSiTaTS experience with the development of 
compu\S2!lS^rSrA and high-performance computing and commun.cafon 

Tarn » h u. t^^^^^^^^^ 

KSS vSth the private sector to diffuse the technology to a broad segment of our 
Stv^^ncourag^^^ of supercomputers to solve grand^ihallenge problems. 

tinguished witnesses on this subject. Thank you. 
The Chairman. Thank you, Senator Bingaman. 
Senator Craig. 

STATEMENT OF HON. LARRY E. CRAIG. U.S. SENATOR FROM 

IDAHO 

Senator Craig. Mr. Chairman, I have specific openm^^ 
m«nt other than to certainly associate myself with the remarKS oi, 
UhinMhe whole committee here, in this instance recognising the 
importance of legislation, and I am not going to be specific to S. 343 

or to the Gore legislation. . a e^^ fV.^ 

The legislation, I would hope, would recognize the ^^eed for the 
appropriate cooperation and interagency relationship in nft^oj^ 
Sortium development as it relates to this issue. And I wouW f r- 
tZly hope that we can ultimately get that job.done m cmfting 
legislation with the administration to move the issue. We will be 
th? losers in the long run, and this society will be, if we fail to act 
and act appropriately. 
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Thank you, Mr. Chairman. 

The Chairman. Thank you, Senator Craig. 

Senator Gore, we are glad to have you here today. 

STATEMENT OF HON. ALBERT GORE, JR.. U.S. SENATOR FROM 

TENNESSEE 

Senator Gore. Mr. Chairman, colleagues, thank you so much for 
your courtesy. I appreciate your participation and leadership on 
this issue. Mr. Chairman, I am very grateful for this chance to tes- 
tify on S. 343, the Department of Energy High-Performance Com- 
puting Act. I would like to compliment you for your attention to 
the critical issues in this area. 

I would also like to acknowledge the leadership of Senator Ford, 
who is chairman of the Energy Research Subcommittee and has 
been deeply involved in these matters and, as he mentioned, has 
been a key ally in similar efforts in the Commerce Committee, and 
Senator Bingaman who is the chairman of a subcommittee on 
armed services thfit I am privileged to be a member of, that looks 
at DARPA and related programs in the Defense Department. We 
have worked together as allies for quite a number of years on these 
matters, and I especially appreciated your comments a moment 
ago. 

Senator Craig, I am very pleased to have a chance to work with 
you on this, and I agree with your comments, echoing those of the 
Chairman, on how important it is to make certain that the inter- 
agency relationships are right. 

Indeed your opening comments, Mr. Chairman, contain exactly 
the message that I want to deliver here today. We need to work 
this out and get it right for the country, and we are coming at it in 
exactly the right way in a determined effort to cooperate with the 
administration and between committees. And I am extremely en- 
couraged. 

As you mentioned, I have introduced a companion bill to your 
legislation, S. 272, the High-Performance Computing Act, which 
would create a multi-agency high-performance computing program, 
a program which, like the one you have introduced, is, I believe, 
critical to the future of our country. 

Some of what I want to say here you know as well as I do. But 
let me repeat just a couple of high points. You know, we hear 
about competitiveness all the time. What makes a difference to a 
nation's ability to be competitive? It used to be nations with raw 
materials had an advantage. They still do to some extent. It used to 
be that nations with deep-water ports or efficient railroad networks 
or highway systems had an advantage, and they still do to some 
extent. 

But look at some of the countries like Japan that do not have 
any raw materials, do not have really obvious advantages of the 
kind that were so prominent when the industrial revolution began. 
It is obvious today that the key strategic resource is knowledge, in- 
formation, data. Information configured in a form that can turn it 
into knowledge would probably be a better way to say it. 

Well, we have certainly got enough data. It is all over the place. 
It is like our old agricultural policy where we used to have the sur- 
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people, are hungry for facts know, it is ca- 

Committee we oversee the LAWJJ&Ai program, x^^^ surface every 

lullL Riif if i<5 hard for US to absorb numbers bit by oil. 

^th dTcK 4 ha^ high resolution. We can see lots of 
u ? fTaf« ?n n nattem or in a moving three-dimensional graphic 
bits of data m a P»^.^^^,,°J/Vp11 these new advanced computers 
and absorb it just hke thgt^^A^l. these new aa 

Sificant for whatever pattern we ^J^^^f P^^^^^^^ with 

But we cannot use them unless we are in ^^e same Duiia^^^^ 
thpm because our infrastrujture will not accommodate them, we 
S orinfrMtructureV^^^^ in terms of those old railroad lines and 

^Tou kTw^c'anTlBMVnf^T^^^^^^ Merit have al- 

quietly expanding tfiis ne'*";"? ^° ^^f^'^^^^^^^ going 
country just as soon as the" get ."^ar '""j wUlation 

forward. The Congress car- give that signal by passing legism 

^^Senator Ford. You are getting personal, now. 
Senator Gore. Yes, that is right. 
The Chairman. Was he your age.' 
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[Laughter.] 

Senator Ford. Almost. 

Senator Craig. This is getting personal. 

Senator Gore, It really is, I will tell you. To make it possible for 
my son— let me put it that way— or any school child in this coun- 
try to come home after school and, instead of playing Nintendo, to 
plug into the Library of Congress, not just to see the text, but to 
see color pictures of dinosaurs or whatever that child happens to be 
curious about at the moment; and to get access to exciting informa- 
tion configured and presented in a way that satisfies that curiosity 
and provokes more and makes it possible for individual children to 
learn at their own pace, driven by that curiosity. 

We know how to do that technically today. Why do we not do it? 
Well, the reason is, we do not have the infrastructure. A lot of the 
lines are already there. What we do not have is the switches, the 
electronics, the software, the algorithms, those tools at either end 
of the fiber-optic cable that make it possible to upgrade the amount 
of data that flows through the pir)eline. 

And you have got to have a lot flowing through the pipelme to 
send those pictures. That is why we need it. And the supercom- 
puters are so important in their own right. You have had wit- 
nesses, as have I over on the Commerce Committee, scientists, who 
say this is so important. It is now a third new kind of knowledge 
creation. We have already had inductive reasoning and deductive 
reasoning; now we have got computational science. 

One of my rules of thumb is, if you have got a big list that only 
hfl!5 two things on it and you add a third, that is a big deal. And we 
are doing pretty well on inductive reasoning and deductive reason- 
ing, but we need this infrastructure to prepare our Nation to make 
use of :his third branch of knowledge which is already beginning to 
revolutionize industry, education, science, and engineering. 

As a couple of you all were kind enough to comment, I have been 
laboring in this vineyard for quite some time. And I will not go 
through the record on that, but I have learned during that time to 
greatly appreciate the efforts of those of yo'i I have already singled 
out, but also Senator Wallop, Senator Domenici, and others who 
have joined you three in introducing S. 343. 

And I agree wholeheartedly with the comments you made. Sena- 
tor Johnston, about how important it is for DOE to play the critical 
role it has always played in this area. Due to my many visits to 
doe's Oak Ridge National Laboratory and frequent updates from 
Al Trivelpiece, I am well aware of the leading-edge work bemg 
done there and elsewhere, funded by DOE. 

Jack Dongarra, Ed Oliver, and others at Oak Ridge are helpmg 
to find new and exciting ways to apply the next generation of su- 
percomputers, and reaching out to university researchers in Ten- 
nessee and around the country to share and refine ideas. They are 
working with companies like IBM and Intel and others to improve 
their newest systems. And I know about the similar work at Los 
Alamos and Sandia, Livermore, and the other national labs. With 
passage of S. 343 and additional appropriations these efforts can 
grow. 

Since I first introduced the companion mea& >re, it has often been 
referred to as "the supercomputer network" L 11. That is kind of a 
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Sv"Sar/for supercomputers so we can make the best use 



AnTit is a misnomer to call it the supercomputer network bUl, 
»,^eU b«luTtte National Research and &ucation Network 

""now ! mentioned how important it is to stiinulate the private 
iNow, 1 """"""f, , ..nderacore that one pomt with a supple- 

Sid we Kop these switches, as soon as we develop them, th^^^^ 
ana ^^'."tX^^Y!; .v_ n-ivnte sector to use in expanding the network. 

Now the administration sometimes says, well, just Pve us tiie 
money and do^ot tell us anything about what we should do v^h 
rio^ni,*»v You serve on the Appropriations Ck)mmittee, Mr. l^nair- 

gress to simply give them the money and do not say anyim k 

reason for U3 to say, wait a minute now «re 

the following next subsequent budget Y^r 3 w^areTo^g 
K faclTeir pA.came about teau^^^^^ P?^e»o?d 

Mr. Chairman, that we do that correctl> . 
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Over the past few years, the separate agency research networks 
have been connected togjther and today comprise INTERNET, a 
patchwork of hundreds of separate networks that works a lot like 
the national road system. You have Federally funded superhigh- 
ways, private toll roads. State highways, local roads, private drive- 
ways all connected together. And despite the diversity throughout 
the system, it works because certain rules apply, like driving on 
the right-hand side of the road, for example. Whether you are on a 
city street or an access road leading to a superhighway you are 
doing that the same way. 

And they have developed a flexible approach. I foresee the man- 
agement of the NREN as being similar to that of the INTERNET 
or NSFNET. This is the answer to one of the commonly asked 
questions, who will be in charge? Currently there is a flexible, de- 
centralized approach that enables all the users of the network to 
have a say. That flexible approach is the principal reason why 
today the NSFNET is growing at more than 20 percent per month. 
Every month new networks, public and private, connect to the IN- 
TERNET through NSFNET. 

S. 272 would continue this approach with coordination, and co- 
ordination only, being provided by OSTP. Using the same inter- 
agency process that created the High-Performance Computing Pro- 
gram, the agencies would pool their resources and expertise with 
State, local, and private network providers to b aild a network far 
larger and faster than any of them could afford alone. 

Of course, each player would be free to run separate networks if 
that better suited his needs. And each player would be free to 
design and build his system using different contractors and differ- 
ent equipment, so long as his subnetwork was compatible with 
other parts of the overall network. Like democracy, such a system 
would decentralize decision making, putting power in the hands of 
the network users, and avoiding the dangers of central planning. 

Most important, such an approach is flexible enough to adjust as 
needs and technologies change. When I first got interested in fiber- 
optic networks in the late 1970's, no one could have predicted how 
the INTERNET would grow and how it would be used today. For 
that reason, we need to draft legislation that leaves room for 
change. ; 

Ideally, we will set broad goals, assign general responsibili^'^s to 
the participating agencies, provide the necessary appropn«aons, 
and then watch this technologjr take off, watch the private sector 
make use of it, and elaborate it, and turn it into better versions 
that we cannot possibly anticipate here today. 

I think this is one ot the most exciting pieces of legislation before 
the Congress this year. It has generated excitement in many quar- 
ters. Invariably, once people understand what it is about, they are 
for it. S. 272 has strong support throughout our colleges and uni- 
versities and in every high-tech sector. Everyone from the Ameri- 
can Library Association to the Information Industry Association, to 
the Chamber of Commerce all are excited by the idea. 

So in closing, Mr. Chairman and my colleagues, I very much look 
forward to working with you on the Energy Committee to pass leg- 
islation creating and funding a high-performance computing pro- 
gram. On March 7, I testified over on the House side before Con- 
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CTessman George Brown and the Science Committee which he 
SS?^ and he challenged us over here to this egislation 
witWn 100 days. He said they are going to beat that deadline in the 

sffl'SLtaJ^^^^^^^^^^ over here. I would hate for them ^o 

steal the march on us, but they --rrfo^,k^foi5i^^^^^^^ 
can do it. I hope you agree. I really do ^^ok forwar^^^^^^ 
with you closely, and I appreciate the chance to testify today. 

^hTprepared statement of Senator Gore follows:] 

Prepared Statement of Hon. Albert Gore. Jr.. U.S. Senator From Tennb^ee 

January, I introduced S. 272, W^®"^^^^ Program. I really be- 

create a multi-agency National the U.S. in the 

lieve that thia P^ofinram is eaaentid to the e^^^^^^^^^ The uSted States maintains 
twentieth-first century, because it will helpensure ^ edS that computer tech- 
its lead in leading-edge computer J^^^^^^^^bt as Xr c^^^ dominate one 
nology can give us, the U.S. will have u^^^^ you look at-aeroepace, 

high-tech industry after another No 'patter what ^r you^ 
automobiles, petroleum the defense uidi^. P^^ 

SnVu?^?^^^^^^^^^ 

^T^iS^c^T^^^^^^^^ creat. a Nation^^^^^^^^ 
L^t^adl^^^^ 

NetwoVk, the NREN, a fiberH)ptic computer network mo^^ ^ 
faster than the fastest national networks avaUab^ t^e from the EneSy Commi^ 

KKe"^nruClo«^^^^^^^^^^ unaS^^ ^ 

WSa^Y^r^lS;^^^^^^^^ 

multi-agency pggram m^^^^^ Projects^ Agency 

Foundation (NSF), NASA, the 

(DARPA). the National Institute of Standards and T^tH'ol^^^JJ','^ re- 
other agencies. By involving all the f^ffejal S^^.J"^^ within the 
search the program would build on the strengths inai success- 
^nci^ and provide for the diversity of approaclies which is essential for a success- 
ful technology pr<«ram. , ^ ^ carefully coordinated. 
Clearly, a mult^agenc^ progjam^ike thu^^^ Teclm,! 

SS y^hlSi was^'c'reSS b^r4ngr-;^^ ^^^^^l^n^CrS^^l^^^ 

and cclordinate this P/o^^am As you ^o^ i„ high- 

[:?w&WS.^S« ^c&nuing to^U with 

Dr. Bromley and OS'n> t« make this Pn«rgi a reality. . 

am'ount'orF^eMft 

^T^£it 7uiSS^°^^^ ^^^ou over the next five vea^ 
" BuUhere "is a critical gap. There are no authonzat^^^^^ !)Se prog?am^s. I 

gram because it is not the Comnierce Ck^mmittee s g^J^^^^j'^Kaman, and Craig 
ElntredWto^t gT^aS-^o^t? play in high-per- 

formance computing. mmnlex multi-agency programs like 

As science programs become more and more complex, J^on^on. That 

the High-Performance Coniputing Pr^arn w^ b^^^^^^ 

^a°AMw thing^ dX n^vf SnTm'p?e:^ by the ability of OSTP to 
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provide the necessary coordination within the Executive Branch, and I am heart- 
ened bv the increasing cooperation between the relevant committees of jurisdiction 
he?e in the cSngress. I behave that this initiative can provide a model for coopera- 
tion on other arias, like global change, biotechnology, advanced materials^ 

I am grateful for the Energy Committee's strong support of the Higb-Performance 
ComDUtine Program I believe the Committee's interest helped convince the Depart- 
Sof EnerSTthTt it needs to play a major role in the program. Due to my many 
S to DOE? Oak Ridge National Laboratory in eastern Tennessee and frequent 
u5at^ hom Al Trivelpiece, I am well aware of the leading^ge work ^>ng J""d^^^ 
brS Jack Dongarra, Ed Oliver, and others there are helping to "ew excit- 
ine wavs to apr\y the next generation of supercomputers. They are reaching out to 
KSy rSchers at the University of Tennessee and elsewhere to sha^^^^^^ 
refine their ideas. They are working closely with companies l^ke IBM and Intel to 
help them improve their newest systems. I know that similar work is being done at 
Alamos Sandia, Livermore, and the other national labs, and with passage of S. 
343 and additional appropriations these efforts can grow. 

Since I first introduced high-performance computing legislation, it has often been 
refermi to it as "the supercomputer network" bill. That's a bit of a misnomer, be- 
SSJIesTthaTone-fifth of the funding goes for networking. By far the largest per- 
ceZgrSf th? funding goes for development of advanced software for supercom- 
DutSf so that the incredible computing power available in these machin<» can be 
S'g^ uL AndTtt in this area thVt the DOE labs have tradjionally ma^^^^ 
their lareSt contributions. Like NASA, the intelligence agencies, and the National 
Weatl^Sr^rvS^^^^^^ not accomplish its mission without supercomputers. 

Every dar^^^^^^^ of researchers use them to design weapons develop more 
SSent Sologies, model global climate change, ?nd decipher high^^^^ 
physKata. This expertise will be critically important in the High-Performance 

"^uC^ rSmer to adl it "the supercomputer network bill" because the Na- 
tion^ R^arch and Education Network will do a lot more ^^an just conn^^^ 
computers. For every supercomputer on the network there ^e tho"^^^^ 
and workstations. For every person using the network ^f.^^'J^Vf 1^^^^^^^ 
bits of data produced by a supercomputer there will be thousands of people using 
?i? network to exchange ideasHmages. new research ^esu^?;. «|;d requ^? J?'^ ^ 
mation via electronic raaU. That will require a network that s both broad and deep, 
5 reaches millions of users and has the capacity to carry billions of bits per 



oJe of the most important reasons for building the NREN is that it will spur the 
private sector to develop and build high-speed computer networks We all a^e^^^^^^ 
our goal should be to make commercial high-speed networks as "hiquitous and easy 
to-Jem the telephone network is today. But, that will require tens ot bilhonsof 
dolifrs to lay ?pti?al fiber to evei7 home and to install all the necessary high^^^^ 
switehes. The Federal government is not going to do that, that is nf job^ Howev 
er it Sn spur the private sector by funding the development of the technology 
nc;ededTr Si a network, by promoting development of networking standards, and 

by funding development of applications of high-speed networks. . , 

The NREN *'ill do that. You can think of it as a national demonstration project 
that will solve the classic chicken-and-the-egg problem we face now. The P"vate 
sector u^ hSLnt to invest in high-speed networking because they are not sure there 
is the demand for it. But there is no demand for it because no one has demonstrated 
the technology. Spurring the development of new technologies, from jet engines to 
communications satellites, has be»n a traditional role of government. 

In building the NREN it is critical that the private sector be involved from the 
start. That S why S. 272 would build upon existing compute. •;;;;;°7^»^s funded by 
the Federal government, many of which are run entirely or in ^^^^^J 
or non-profit companies. Hundreds of thousands of people all around the country 
Jely onTelworks hlce NSFNet, NASANet, and ESNet, ^^ery day to do their p^^^ 
whether its research, education, or maiiagem.ent. By working with the pmate 
Sr, the funding agencies have spurred creation of several new companies which 
are hard at work Sevlloping new applications for th«r ever-f^ter netw^^^^^^^ 

Over the past few years, the separate agency research networks have been ^on 

neSso that today together they comprise the I"**'^"^^,^ PJ^JC are co^^^^^^^ 
of separate networks all using the same technology, even though they fie controaea 
^r,ALy.AcA hv rfi^prent acencies States, and corporations. Today s Internet is very 
mu^ch^like'^th^^^^^^^^^^^^ have FeTerally-funded superhighway^pn- 

Jate toll roads, state highways, local roads, and private driveways, all connected to- 
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gether. Yet, despite this diversity, throughout the system, certain rules— like driv- 
ing on the right side of the road, apply everywhere. 

One of the most commonly asked questions .bout the NREN is Who will be in 
charge? The answer is complex, because there will not be one agency or entity in 
charge. No one person will be able to turn off the system, no more than any one 
person could shut down the entire national road system. I foresee management ot 
the NREN being very similar to that of the NSFNET or the Internet-a very flexi- 
ble decentralized approach that enables all the users of the network nave a say. 
That flexible approach is why today the NSFNET is growing at more than 20 per- 
cent per month! Every month new networks, public and private, connect to the In- 
ternet through NSFNet. J J U„ nCTD 
S. 272 would continue this approach with coordination being provided by Ubll:'. 
Using the same intaragency process that created the H^Kh-Performance a)mput^^^^ 
Program, the agencies would pool their resources and expertise with btate, local, 
and private network providers to build a network far larger and faster than any ot 
them could afford alone. Of course, each player would be free to run separate net- 
works if that better suited his needs. And each player would be free to design and 
build his system using different contractors and different equipment, as long as his 
subnetwork was compatible with the other parts of the network. Like democracy 
such a system would decentralize decision-making, putting power in the hands ot 
the network users, and avoiding the dangers of central planning. 

Most importantly, such an approach is flexib e enough to adjust as ne^ and 
technology change. When I first got interested in fiber optio network in the late 
1970's, no one could have predicted how the Internet would grow and how it would 
be used today. For that reason we need to draft legislation that leaves room for 
change. Ideally, we will set broad goals, assign general responsibilities ^ the partici- 
pating agencies, provide the necessary appropriations, and then watch this technolo- 

^nWnk this is one of the most exciting pieces of legislation before the Congress 
this year. It has generated excitement in many quarters. Invariably, once people un- 
derstand what it is about, they are for it. S. 272 has strong support throughout our 
colleges and universities and in every high-tech sector. Everyone from tl^e American 
Library Association to the Information Industry Association to the Chamber ot U)m- 
merce are excited by the idea. , _ ... . „„„„ 

I look forward to working with my colleagues on the Energy Committee to pass 
legislation creating and funding a High-Performance Computing Program. On 
March 7, when I testified before Congressman George Brown and t^e.Scf'JF^ Com- 
mittee which he chairs, he challenged me to pass this Illation within 100 days. 1 
think we can do it, and I hope you agree. This bill is too important to delay. 

The Chairman. Senator Gore, thank you very much for an excel- 
lent statement. You very well state the case for a national comput- 
er network. I hope that in the process of getting it we can— the 
really thrilling thing would be to get the whole country, including 
private homes, tied together with fiberoptic cable, which has impli- 
cations even beyond computers; I mean, for television, for informa- 
tion, for everything. And they tell me that a little push trom the 
Government might get private people to want to do that. 

The head of one of our big corporations who might be interested 
in doing that said just that. 

Senator Gore. I agree. , . „ . ^ . , 

The Chairman. Little more than a resolution of intent by the 
Government would, I think, push some of the private sector people 
into wanting to do that, and this may be the way to do it, not that 
the guiding force behind this bill is anything other than computers, 
but it is a very im-x)rtant piece of lagniappe for this bill. La- 
gniappe, to those of you who are not from Louisiana, means a little 
extra portion, a little extra goodie. , . v u 

In any event, we do look forward to working with you. You have 
given us leadership in this area for a long time, and we hope we 
can work something out that we can both support. I expect that we 
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can. We came very close to it last year. As you know, it was in the 
waning hours of election year. 

Senator Gore. We were this close, Mr. Chairman. 

The Chairman. But I think we can do it this year, and we will 
certaiiily try to do that. 

Senator Gore. Great. . 

The Chairman. We appr'>ciate it very much. 

Senator Ford, did you have some questions. 

Senator Ford. I have no questions. 

The Chairman. Senator Craig. 

Senator Craig. Senator Gore, let me thank you for your state- 
ment and, obviously, your leadership and your enthusiasm in this 
area It is an area that I have watched somewhat from atar, recog- 
nizing its value, but having other priorities, knowing that you and 
Senator Johnston and others were pushing aggressively in this 

^^You had mentioned in your comments— and I wanted to search 
that out a bit and underline it. Would you not agree that it would 
be a mistake to pass legislation that might be overly prescriptive in 

this area? , ^ , , „ j u i. t 

Senator Gore. Yes. These terms need to be defined, but yes, 1 
agree not only with your language, but with what I take to be the 
thrust of your statement. I do believe that we need to say what this 
is designed to be and to send a clear signal with multiyear authori- 
zation long enough, 5 years, to complete the network, to tell the 
private sector, look, we are serious about this, we are doing this. 

Senator Craig. I ask you that question with no intent of boxing 
you in at all, other than we have had seme expression from the ad- 
ministration concerned about either your legislation or ours becom- 
ing, if you will, too prescriptive, offering the direction, offering the 
guidance and the thrust, but at the same time not restricting or 
providing limitation by the parameters we set. 

Senator Gore. I agree with that totally. And I would like to com- 
pliment Allen Bromley on his outstanding leadership on this ques- 
tion. The differences are so minor, really, as to not be worth men- 
tioning except that we need to assert the role of the legislative 
branch of Government. And we did start this and get it rolling, and 
we need to recognize that it will turn out better if we do continue 
that role. But I agree with you. , ^ „ , Uo„« 

And they have— partly because of Dr. Bromley, they have 
worked out already in the executive branch a mechanism for coop- 
eration that facilitates a growth rate which I cited before— let me 
repeat it— of 20 percent per month. That is pretty phenomenal. 
And we need to respect what they have done. That is why the legis- 
lation is carefully crafted to conform with the work ihat is already 

under way. ^, . 

Senator Craig. Thank you. Thank you, Mr. Chairman. 

Senator Ford. Mr. Chairman— no, I will wait for Senator Binga- 
man. I have just got a point I want to make. 

Senator Bingaman. Why do you not go ahead. 

Senator Ford. Let me see if I understand the positions that we 
have got in here. Senator Gore'b bill would have NSF manage the 
network, as I understand it, and Senator Johnstons bill woul( 
have the Department of Energy manage the network, ihen, in 
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^.^i.,. rir Wone'a testimony and Dr. Nelson's, they say that the 
fHl'ntoiion afreXC wor^^^ out a management structure 
aZi »rr^ct in *ere, that the administration would 

"'tl^r^Tol'l^reV^'lb^ous middle ground, and I want to 
thlow that oThe're right now while fe-^r^^^^^^ ^Ziyf^^ 

dent the diSretion to decide maybe appropnat^ agency ^^^^ 
their roles. And I think it may be wise ""t >° "^''^ ^^^^ 
or orescriptive— I do not know whether that-I am not sure i Know 
an thSeuage here-but it should not be too restrictive. 
"imiStont thing to me in my book is to establish the net- 
work and get it operating, Al. 

ISrl^fo. TOs'^maf^ a solution that will make everyone 
happy, I do not know, or make everybcKiy mad. 



'"I Wd use a slightly different description of what you had earli- 
er the kTto what we need to work out . be ound m 
vour statement that we are trying to get NSF to "^^S®of .y 
^want is exactly what they have now in t^^^f, ^/^^ 
lead agency for facilitating the coordmation of the management oy 
the users. That is why it is working so well ^w; 

T mp rpftd to vou from the S. li^ report language, ii- °'^y ^ 
"NSF would ^ ley agency respon^ble for coordmatm| the efforts 
of agencies involved in deploying the 

^tiJ^Zm^l^oXt^Z have the administration locked 
in I wruldTe to hie some "generic" language, a"* jfy'ng 

SU^t^'5«teron« 
move something out of here very quickly. 

.o»^Ml S;«ir?anMedtut ^vTe 
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should not underestimate the amount of time and attention to 
detail, and willingness to have a shared give-and-take on this nec- 
essary to resolve this point. But, Senator Ford, just letting the ad- 
ministration do it by executive fiat with us simply appropriating 
the money and say, you spend it however you want 

Senator Ford. You have oversight, though, Al. . . , . 

Senator Gore. Well, I understand that. But the key point is this: 
the private sector is out there waiting, ready to go as soon as they 
get a clear signal. The multiyear authorization is the clear signal. 
Now again, on this one point, t he speed bump, if you will, what I 
read is the report language. The actual language says NSF shall 
act as lead agency in coordinating the collaboration. 

Senator Ford. But we are telling them what to do, and that usu- 
ally gets the hair up on the back of their neck. t n 

Senator Gore. Well, I am confident we can work it out. I really 

Senator Ford. I just think we have an opportunity of putting it 
into place and saying do it, and then we can follow up with over- 
sight. And then if it is not being done, we can always have an op- 
portunity— I would rather add something to it at a later date than 
try to take something away from it. 

The Chairman. Senator Gore, I know you are going to probably 
have to go someplace later. I am sorry, because I wish you could be 
here for the administration. I understand they are going to testify 
that they want to do just what you want to do. They want to get it 
accomplished, and I do not think they would object to multiyear 
authorization. I do not think they would object to the mandate. 1 
think they object to us telling them how to do it either in DOE or 
NSF. 

Senator Ford. I think that is what I am trying to say here, and it 
looks like we have got it going in the right direction and we can 
move on with it. I think you are on board as far as you can be. 

The Chairman. I think so. I mean, we would like it in DOE; you 
would like it in NSF. The administration does not mind doing it. 
Maybe can meet together on some kind of generic authority 
with a multiyear authorization and tell them to get 

Senator Ford. If we can get the generic language and multiyear 
authority, let us just settle this thing and you all will not have to 
testify and we can go to lunch. ^, . tit 

Senator Gore. I will just say one other thing, Mr. Chairman. We 
do not— when you say you w^nt it in DOE, we want it in Nbt, 

what 've , ^ . u 

The Chairman. Well, coordinating or whatever you want to call 

' senator Gore. We want the NSF to have the responsibility that 
it has now, and DOE to have the responsibility and participation it 
has now. That is what we are asking for. ^ . 

The Chairman. Well, they do not have statutory au ority. You 
want to seal into the statute that which they are dc now and 
then expand what they are doing. , . . , j 

Senator Gore. Well, rather than draw a line in the sand and 
fence over the wording of it, let me say, Mr. Chairman, that I am 
very encouraged that we really do want the same thing, which is to 
see the network in place. We all agree that the administration is 
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doing a good job on it. If we and the private sector had total confi- 
dence that they would win their battle with 0MB next year the 
way they did this year and 5 years from now the way they did this 
year, then everything would be hunky-dory. 

Since we do not agree with the administration on that, you all 
seem to share my point of view that we should have a multiyear 
authorization. The sole remaining difference among us is, what in 
that multiyear authorization should be said which authorizes the 
program but does not upset the administration s ability to use the 
arrangement it now has. Let me conclude by saying, I have an 
open mind, I want to work with you on it, we have the same objec- 
tives, and I stand ready and eager to work out the tiny differences 

that remain. . , . j. , 

The Chairman. Well, I appreciate that very much. It sounds like 
to me that we are coming toward a closure here, because—I mean, 
I think we can accomplish what we want as the first objective, and 
that is to get the mandate and the multiyear, to not upset the 
present arrangement, and not to seal it in the law either. It exists 
because that is what the Federal Government has chosen to do, 
and I expect that they will continue to do that. But they very 
strongly, as I think they are getting ready to testify, want to keep 
the discretion to do that and to have that ttexibility as time goes 

°^Senator Gore. Mr. Chairman, since I cannot stay, let me just 
leave you with an inoculation against their seductive testimo- 
ny— ^ 

^^ator^GoRE [continuiiig]. In the form of a brief reminder, 
which is perhaps completely unnecessary, that administrations 
dating back to George Washington's time have always approached 
the Congress with the eager request that all the money be given 
with no instructions on how to spend it. And I know that this Com- 
mittee, among all in the Senate, is capable of resisting that siren 

The Chairman. Senator Bingaman I think still has some ques- 

*^°Senator Bingaman. This has been enough. I will wait for the 

next ones. . n o^o • ^.u * 

The Chairman. If you want instructions, S. 343— is that our 

number? We give some good instructions there. If you can sign on 

with those instructions we will be happy. 
Thank you very much, Senator Gore. We will work this thing 

out. 

Senator Gore. Thank you. c^„„f«. 

Senator Ford. Mr. Chairman, I do not know whether Senator 
Craig remembers or not, or is familiar, but about 12 or 14 years 
ago your colleague, Senator McClure had a piece of legislation that 
struck me as being a rather good one, and that was to abolish 
0MB. 

Senator Gore. I will second the motion. _ , . . . ^, ^ 
Senator Ford. I want you to know it might be time to bring that 

' back up. 
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Senator Craig. Mr. Chairman, I think Senator Ford, if he would 
choose to author such legislation today, would find a Hurry of co- 
sponsors, including myself. 

The Chairman. With that we will call on our first panel, which 
is Dr. Eugene Wong, Associate Director of Physical Sciences and 
Engineering in the Office of Science and Technology, the Executive 
Office of the President, and Dr. David B. Nelson, Executive Direc- 
tor of the Office of Energy Research of the D<^partment of Energy. 

Gentlemen, your written statements will be put into the record. 1 
wish you would summarize in about 5 minutes each, and let us see 
if we can get to the core of this problem with little discussion here. 

STATEMENT OF DR. EUGENE WONG, ASSOCIATE DIRECTOR, 
PHYSICAL SCIENCES AND ENGINEERING, OFFICE OF SCIENCE 
AND TECHNOLOGY, EXECUTIVE OFFICE OF THE PRESIDENT 

Dr. Wong. Thank you, Mr. Chairman, Members of the Commit- 
tee, i am delighted to be here and I appreciate the oppor unity to 
offer my comments on S. 343. 

As you know, on February 4th the President proposed his fiscal 
year 

Senator Ford. Dr. Wong, I apologize to you. Would you pull the 
microphone a little bit closer? 

Dr. Wong. Yes. On February 4th President Bush proposed his 
budget for fiscal year 1992. Among the major research and develop- 
ment projects is the high-performance computing and communica- 
tions initiative. The initiative is the result of several years of inter- 
agency cooperative effort conducted under the auspices tf FCCSET, 
the Federal Coordinating Council for Science, Engineering, and 
Technology. 

It really represents a carefully reached balance of common goals 
and individual needs. And it really represents a degree of mutual 
trust and synergy that is rare in or out of Government. It has been 
my privilege to be associated with the tail end of this process. The 
origin of the initiative, as you know, was in the long-felt need for a 
Federal role in fostering the development of supercomputers. 

As the process evolved, as the consideration for an appropriate 
Federal vole was developed, the program has evolved into some- 
thing much more than merely a supercomputer program. It repre- 
sents most major frontier areas of the computer technology. It has 
four major parts: high-performance computer systems, applications 
and algorithms, high-speed networking, and basic research and 
human resources. In each of these areas there are major, exciting 
goals that have been set. • t - c 

For example, in computer systems we hope to develop, withm 5 
years, computer systems capable of a trillion operations per second. 
If realized, that will represent a thousandfold increase in speed 
from what is available now. In networking, you have already heard 
from Senator Gore. We have ambitious plans. The current speed of 
the NREN, the network, is already a thousandfold increase from 
what it was 5 years ago and we hope, under this program, to reach 
yet another hundredfold increase in speed. 

The Chairman. In what period of time? 
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Dr. Wong. In 4 to 5 years, to gigabit rate. As exciting as these 
technology goals are, they are merely technology goals. But the 
reed vS of the program is far more than merely technoloffy^. The 
JSion is Sot only technology development, but also ''imely dep^^^^^ 
ment of the technology to foster major economic development, to 
Set the mainstream of the entire information technology indus- 
tT and win^fusion of the benefits to all sectors of our society. 

And specifically, I think the objective of the initiative is three- 
fold Fir^, to stimulate the growth of the computer and informa- 
tion technologv industry through the Federal support of precompe- 
titWe lSfedge technology Second, to deploy the advances so 
obtlhied to sf^e major are^ of national needs, these include edu- 
cation, national security, health care, ?nd the environment And 
thirdly, to strengthen the scientific infrastructure of the Nation 
through the support of human resources and basic research, 
through the support of computational sciences such as computa- 
tionTLody^aSics, computational biology and, last but not least 
through the development of a major research and education net- 

"^Tn each of these areas, the need for a Federal -ole is both dear 

justified, and compelling; however, ^^^fj^^^f F^^'U ad^^^^^^ 
catalytic one. For the program to succeed in attaining and achiev- 
ing its o?e^^^^^ vision, private industry h^s to be catalyzed into 
eady action. Private investments have to be stimulated by the Fed- 
support of leadingHBdge technology. I think this Pomt cannot 
be overemphasized. The vision is not merely one of technology de- 
^^lopmSirbut the vision really is through technobgy development 
to catalyze the entire private sector into coordinat^ action. 

I Sve the initiative has broad»based support. So^n^one told me 
last week, someone from the private sector said last week everyone 
disagrees with the detaUs of your program bere and there, but 
S is no one who would disagree that there should be such a 

^Xn* think that is true. There is indeed broad-based support 
The endorsement and guidance of Confess if 7e^yp"^„^9.^1,f S 
here. However, legislative proposals pending before Congress pomt 
out certain risks in mandating such a program by law. . 

First, there is the risk of prematurely freezmg the program when 
technology changes require that the program remain flexible. 

SnT there is a danger in micrornanamng the program 
thSh over s^ifying the details. And thi;3ly. any deviations 
i^'omfVJ^vefuWora^d balanced program that has b^^^ 
has a danger of destroying the synergy and mutual trust that has 
been developed over the last few years among the agencies. 

I think S^43 is relatively free of such features although 
not entirely free of such features. For example, I think b. J4d rec 
ognizes only contributions of the Department of Energy. 

It assigns the primary role, the Prmcipal role for the esteW^^^^^ 
ment and management of gigabit network through the Department 
^f Ener^ and It mandatefthe establishment of ^ollaborativ^^^^^^^ 
sortia by DOE which is an implementation detail hat^^^ ex- 
isting authority to undertake and is very likely to underteke. 

if closinri wouW like to say that, Mr. Chairman and Members 
of the coZ'ittee, that we share your interest, enthusiasm and high 
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hopes for the High-Performance Computing and Communications 
initiative. And I am confident that we can reach a consensus on 
how best to attain its goals. . i r 

I would like to thank you again for your courtesy and for allow- 
ing me to testify here today. ^ ^ _ , 

[The prepared statement of Dr. Wong tollows:J 

PpiTPAPirn Statement of Dr Eugene Wong, Associate Director. Physical Sci- 

ENC^ ANDTN^ELm^^^^^ OF SCIENCE AND TECHNOLOGY PoLICY. EXECUTIVE 

Office of the President 

Mr Chairman and members of the Committee: Thank you for giving me the op- 
portunSv toTes^ify on^he critically important issue of high performance computing 

OnTerui?f'ri991. the President announced his proposed budget for Fiscal 
Yea? 1992 Among the major new R&D programs in the budget is a Presidential 
St ve on S performance computing and communications, which is described 
S the re^rt GraKd Challenges: High Performance Computing and Communica- 
bns The^e^ort which was rlleased on February 5. 1991. was produced by a Work- 
i^L GrouD oTnigh Performance Computing and Communications under the Com- 
Sftt^ o^n'physiS Mathematical, and Engin^ring f^.^J^f' ^.^^^X"^^^^ 
umbrella interagency committees under the Federal Coordinating '-o'J"cii lor oci 
eS EnginSrhTg, and Technology (FCCSET). A copy of the report is attached 

The ov^raU gSals of the high performance computing and communications im m- 
tive are svmboK by a set of what are called "grand challenges. ProWenis of m- 
mrt^it sSfiTand social value whose solution could be advanced by applying 
KSTSliformance cS^ techniques and resources. These grand challenges in- 

dSSe^bbaT cHmat^ modeltng, majping the human genome ^^^^^^^'^^ ^^^^ 
nature^f new materials, serving national security needs, and ^es^F^/^^t; 
mnrp ^nnhisticated computers. Many such problems, including ones unioreseeaoie 
Sv c^n be^ddreS tSgh higK performance computing and communications^ 
T?ie ^n"tiati?e relSents a full integration and coordination of component pro- 
grlSs acri^ a nuE of Federal agencies, building upon those Pro^^nj^ 
loDroDriate The initiative proposes to increase funding in these programs by 
J^S from the 9 million appropriated in FY 1991 to $638 millions in FY 1992. 

HISTORY OF THE INITIATIVE 

The HPCC initiative can trace its formative years to the early 1980s, when the 
sci^ if commum?;^^ federal agencies reco^ii^d the need for advanc^^^^^ 
inff in a wide range of scientific disciphnes. The Lax Report of 198^ ^^5^^™, ac ! 
n^ forri^Srcomputer centers beyond those at DOE's "«t»°Ell^^^;^\°"S.t 
rSult the availability of such resources to the basic research community expand 
2?-for example, through the establishment of supercomputer centers by NSF and 

^tn'\"982 a FCCSET committee examined the status ."^ s/^P^^^^"*^,"^, !.? ^^^^ 
United States and the role of the federal gove'-nment in th d^^^^^^^^^ 
technology. In 1985 this committee recommended ShesSeH^^^^ 
retain America's technological supremacy in this area. ObTP sy"thesizea suose 
quent planning, studies, and reports in its 1989 report. The Federal High Perform- 

The'^SSfnTe'FY 1992 budget represents an i-Plementation of the 1989 
plan appropriately updated to recognize accomnlishmente made d^te^I^J^^Jj^^^. 
Report d^ribed a five-year program to be undertaken by four agencie^ tne ue 
feZ Advanced Research Projects Agency, the Na^onal^^^^^^^^^ 




mS ProTSn^^^ Technolo^ 
S National Oceanfc and Atmospheric Administration within the Department of 



S planning and implementation of the HPCC program F^'^lted from extraor^^ 
narSv effective collaboration by the participating agencies using the FCCbbT 
forum TKogram re^^^^^ several years of discussions and hundreds of hours of 



• The report has been retained in committee files. 
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negotiations and interactions among all federal agencies interested in computing. 
Agencies have realigned and enhanced their HPCC programs, coordinated their ac- 
tivities with other agencies, and shared common resources. The final product repre- 
sents a complex balance of agency relationships and agreements forged over a 
number of years. 

These agencies have achieved a level of mutual trust, cooperation, and synergism 
that is remarkable in or out of government— and not easily achieved. In addition, 
the success of this effort demonstrates the advantages to be gained by using the 
FCCSET process to coordinate areas of science and technology that cut across the 
missions of several federal agencies. The FCCSET process maintains the fiexibility 
and balance necessary for a truly integrated science and technology program to 
evolve, and it allows additional agencies to identity opportunities and participate as 
well. 

DESCRIPTION OF THE INITIATIVE 

The HPCC initiative is a program for research and development in leading-edge 
areas of computing. The program has four major components: (1) High Performance 
Computing Systems, (2) Advanced Software Technology and Algorithms, (3) a Na- 
tional Research and Education Network (NREN), and (4) Basic Research and 
Human Resources. The program seeks a proper balance among the generic goals of 
technology development, technology dissemination and application, and improve- 
ments in U.S. productivity and industrial competitiveness. It incorporates general 
purpose advanced computing as well as the challenges ahead in massively parallel 

^^In^the"development of computing hardware, ambitious goals have been set. The 
program seeks a thousandfold improvement in useful computing capability (to a tril- 
lion operations per second). The focus will be on the generic technologies that will 
prove valuable in many different sectors. Where appropriate, projects will be per- 
formed on a costH3hared basis with industry. , j 

In software development, the program will focus on the advanced software and 
algorithms that in many applications have become the determining factor for ex- 
ploiting high performance computing and communications. In particular, software 
must become much more user-friendly if we are to provide a much larger fraction of 
the Dooulation with access to high performance computing. 

The' National Research and Education Network (NREN) would dramatically 
expand and enhance the capabilities of the existing interconnected computer net- 
works called the Internet, The overall goal is to achieve a hundredfold increase in 
communications speed (to levels of gigabits per second). In addition, the number of 
'*on-ramps" and 'W-ramps" to the network would be greatly expanded, bringing 
the potential of high performance computing to homes, offices, classrooms, and fac- 
tories. Such a network could have the kind of catalytic effect on our society, compa- 
nies, and universities that the telephone system has had during the twentieth cen- 
tury. A new meaning will be given to communication, involving not just the trans- 
fer of knowledge but a full sharing of resources and capabilities that no single site 
possesses. The NREN also has the potential to become an important component in 
meeting our National Education Goals in science and mathematics achievement by 
the year 2000. , ... 

Finally, the HPCC initiative will add significantly to the nation s science and 
technology infrastructure through its impacts on education and basic research. The 
successful implementation of this program will likely lay the foundation for changes 
in education at all levels, including the precollege level. ... 

Execution of the HPCC initiative will rely heavily on the synergy that has been 
carefully cultivated among the participating agencies. This synergy has been fos- 
tered by allowing each agency to do what it does best in the way that it d<^ best. 
DOE. for example, through its national laboratories, has always led in the develop- 
ment, use. and application of HPCC technologies to cutting-^e scientific problems. 
DARPA will lead m fostering the development of breakthrough system technol(^e8. 
as it has done in the past for time-sharing, network operating systems, and RISC 
architecture. NASA will continue to pursue a new wave of space-related and aero- 
nautics problems, as v/ell the collection, modeling, simulating, and archiving of 
space-based environmental data. And NSF's close ties with the academic community 
give it special expertise in education and coordination and use of NREN. 



EXPECTED HETURNS OF THE INITIATIVE 

forman 

major strategic 



The high performance computing and communications initiative represents a 
laior strategic investment for the nation with both economic and social returns. 
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Few technology initiatives are likely to have the same potential to impact the ways 
we live and wbrk than does the high performance computmg and communications 

'^The high-performance end of the computer market is idlatively small, but its in- 
nuence far transcends its size. The high end is where lea^g-edge t^^^^^ 
applications are developed. Recent history mdicat^ that tl»e?e developments diffuM 
s? quickly throughout the overall market that "superminw and superworksta- 
tions" no longer contradictions in terms. A federal investment in the leadmg- 
eSre computing tichnology will speed the groveth of the overall computer market 
mTKyl^e invest^nts on tlTpart ofu.S. industry. At the same t^e^^^- 
computers are not the only important ha^ware component; we s^^^^^^ 
importance of the smaller, more widely distributed units and their role in the over- 

^iSe^lS^CC initiative will also make m^or contributions to national needs. 
Energy, national security, health, education, and environment are only some of the 
concSns that depend on high performance <»™P"tmg and com^^^ 
uendence will grow as computers become more powerful, cheaper, and naore usawe. 
^^C^« also critical for the nation's scientific infrastructure. The. electronic com- 
puter was bom as a scientific tool, and its early development was driven by wientif- 
ic needs. Business applications soon came to doramate its development, but r««entiv 
there has been a renewed focus on computers as an instrument m science. lnde«^, 
"computational science," which uicorporates modeling, smiulation and date rendi- 
tion 18 adding a third dimension to experimentetion and theory as modes ot scientii- 
Svls^Sn In field alter field offundamental and applied sciences, problems 
intracteble for either theory or experimentetion are bemg successfully attacked 
with the aid of high speed computation. 

DIKFUSION OP THE INmATIVE'S BBNBFITS 

If the HPCC initiative is to realize its full potential, it is not enough that it reach 
ita techuolofzv eoals. It is equaUy unportant that the technologies be deployed by the 
privTtrSin timeirway to derate market growth. It ^ Jikf^j msuffi- 
S for applications to be developed and problems to be solved; the benefite accru- 
ing from ttSeTsol^ must be^Ssseminated in order to influence our everyday 

^^^S'e continued development and use of government-funded Py<^,P;[?*^*XP^,Jf" 
siCTificantly impact the potential commercialization of thwe technologies. Further- 
S, mSny orgSSSationTthat cannot individually justify the hardware mv^tmente 
will be able to pain access to these new computmg 7«tems via the new ne^oi^ 
Thus, the knowledge gained through the timely develonment and use of Prototype 
systeins and theaoce^ provided to them by the network will significantly improve 
the dissemination of the benefits of the initiative. Tho Ariminiatra- 

This wide diffusion wil not be possible by federal action alone. The Adminwtra- 
tion^MPCC initiative wUl be moraective.as.a catalyst for P^^^te ac Jons. Some 
analysts have suggested that the HPC« initiative can spur several hun jred bilhon 
dSof GNP gSwth. If so, it wiU be because American co ,^pj;Sl?°«nVS^ic^ 
small, are able to deploy the technologies in producmg quality goods and services^ 
SiiSlwly, if the NREifl to lead to the establishment of « truly nationa^Wgh speed 
network, as many predict, it will be because private investments are st mulated by 
eovernment leadership. F&r from suppressing or displacing free market forces, the 
fepcfc Satire ^^^^^^ prodding tfie impetus for vigorous private 

action. 

C0NOKE88I0NAL INITIATIVBS IN HIGH PBRFORMANCE COMPUTING AND COMMUNICATIONE 

The breadth and balance of the hiflh performance, comouting and comir^nicatioM 
initiative are critical to its successTl^aintaining this balance amongprogram com- 
Mnentfl and across agencies is the most important priority in the program. For ex- 
Se i^eJSl^omputor; without adequate «ogware, netw(jlun^^ 
people would not result in successful application. Simdar^a pn«rw^^^ 
SSy high performance networks would not satisfy the need for P^ter computing 
uerforman^ to take advantage of the networks and solve important problems. 
^iSeThSiStXS's iniffive also relies on .subetanti^U par^^P;tion> ujdustir 
and government laboratories to overcome barriers to technolc^y transfe^^ 
tive iovemment, industry, and university activities, will y^.^^ th« m«im^^^^ 
derived from moving new technologies from basic discovenes to the marketplace. 

ffiflStive proposals pendii« before the Congr^. though well intended do 
not fulljrrecognize tliircomprehensive interagency effort brought about through 
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years of collaboration. For example, S. 343 recognizes the contribution of only the 
Department of Energy, one of the eight agencies currently participating in the 
HPCC initiative. Furthermore, S. 343 assigns to the Department sole responsibility 
for the establishment and management of a multigigabit-per-second network. S. 343 
also mandates the method establishment of collaborative consortia— in which that 
responsibility should be executed. Although the Department is a major player in the 
Administration's own plans regarding the NREN, other agencies, including the 
DARPA, NASA, and NSF, also have critical roles to play. This legislation, like 
others now before Congress, may detract from existing efforts by causing an unin- 
tended revision of complex relationships forged between the agencies. 

Legislation should not limit the flexibility of what is by nature an extremely dy- 
namic process. In particular, legislation should not attempt to micromanage the Ad- 
ministration's current plan nor the delegation of responsibility to FCCSET or the 
agencies. In addition, legislation should not seek to codify research plans into law— 
this suggests that research is static, when in fact the pace of technological change, 
particularly for HPCC, is so dramatic. Research plans for interagency programs are 
inevitably dynamic, just as the research efforts they describe are dynamic and 
evolving. 

One example of the fast-paced nature of this research is a joint Los Alamos Na- 
tional Laboratory/DARPA effort that successfully applied an innovative massively 
parallel Connection Machine Computer system to a nuclear weapons safety code to 
gain new and valuable insights into the safety of the nuclear weapons inventory. 
Significant achievements have also been made on the networking front. The speed 
of NSFNET, for example, has increased a thousandfold (from 56 kilobits per second 
to 45 megabits per second) since 1988. 

It bears emphasis that the Administration's initiative uses the existing statutory, 
programmatic, budgetary, and authorizing authorities of the agencies and depart- 
ments involved in the initiative, including OSTP. The funding levels necessary to 
proceed with this effort have been transmitted to the Congress in the President s 
request and are clearly reflected in the budgets of each of the eight agencies m- 
volved in the initiative. The Congress already has the ability to affect positively the 
high performance computing program of the federal government through existmg 
authorizations and appropriations. Positive action on the requested appropriations 
will ensure that this extensive interagency program can go forward. ^ 

Mr. Chairmen and members of the Committee, we in OSTP appreciate Congress 
interest in the high performance computing and communications initiative. We 
share the same goals, and I am confident that we can reach a consensus on how best 
to achieve them. Thank you again for the opportunity to testily. 

The Chairman. Thank you very much, Dr. Wong. 
Dr. Nelson. 

STATEMENT OF DR. DAVID B. NELSON, EXECUTIVE DIRECTOR, 

OFFICE OF ENERGY RESEARCH, DEPARTMENT OF ENERGY 
Dr. Nelson. Thank you, Mr. Chairman and Members of the com- 
mittee. 

I have submitted my written testimony also, so I will confine my 
oral testimony to a few remarks. In particular, I will make three 
general remarks, plus then some specific comments on S. 343. 

I agree entirely with the comments, the testimony that Dr. Wong 
has given, and he has given an overview of the administration s 
program, so I will dip down into a few specifics. 

My first remark is that on behalf of the Department of Energy, I 
certainly welcome the congressional interest in the High-Perform- 
ance Computing and Communication initiative, and I agree with 
Senator Gore's testimony that the congressional interest has been 
helpful to us in arriving at the position we now are at. 

The Congress has certainly av ded value to the programs and pro- 
posals of individual agencies in the administration. It has been a 
fruitful partnership so far. 
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We welcome the interest because we believe the program is im- 
portant to the country and the Department, and from your openmg 
remarks, it is clear that the Congress believes so also. , . 

But I would have to say, in agreement with Dr. Wong, that it is 
difficult at this point to frame legislation that does not run the risk 
of bemg overly precise and perhaps not standing the test ot time, 
even 5 years, in a rapidly moving technology program. 

As Dr. Bromley has testified, we would prefer that the Congress 
not brick us in, and I am the chairman of the working group that 
is responsible for coordinating the High-Performance Computing 
and Communication initiative under FCCSET. . . , , , 

It has been difficult but productive for me as an individual, and 
for our agencies together, to arrive at the consensus that we are in. 
There have been many times that we have changed direction 
slightly as we have learned more. . i j 

In some cases, we have reassigned roles, as we have learned 
more about how to accomplish ^roals. I am worried that legislation 
that Ls premature and overly specific might cause this consensus to 
break apart and the productivity of the program to fail. 

I would remark that we have been very careful in forming the 
initiative, to make our goals and our objectives in terms of outputs. 
Congress knows or can know what we intend to accomplish and we 
can stand accountable for what we intend to accomplish. 

As Dr. Wong has testified, salient goals of the program are to in- 
crease the capabiUty of our computing systems on real applications 
by one— thousandfold by 1996, and to increase the capability ot our 
communication networks by hundredfold by the same time trame. 
These are very specific goals, and ones by which we can be meas- 

Let me go to my second remark. V/ith some pride, I think the 
agencies have begun already to implement the goals of the High- 
Performance Computing and Communications initiative. Although 
the program does not start formally with Congress agreement until 
the fiscal year 1992, the Department of Energy and several other 
agencies have undertaken things to get ready for this. 

Let me speak of some of the activities that the Department ot 
Energy has undertaken. First, we have installed in our national 
laboratories several advanced architecture experimental computers 
and we have ported or moved applications over to these computers 
to see what these advanced architectures can do. 

We have had good success. We have been able to achieve speed 
records on some codes, and we have learned the characteristics ot 
codes that suit them for certain architectures. 

Based on this, I am confident that the goal of the program, that 
we can achieve computers with 1 trUlion operations per second on 
realistic applications by 1996 is credible and feasible, and this is an 
accomplishment already: the building of the confidence that that 

goal is feasible. , , i. ^ r 

In another area, we are about to anrounce the early start ot sev- 
eral grand challenge collaborations at our national laboratories. 
Several of these will have industrial, significant industrial partici- 
pation, and starting in 1991, they will give us feedback that will 
help us learn how to structure future collaborations so as to 
achieve initiative goals. 
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In the networking area, our Energy Science Network, ESNET, is 
now based on network standards, industrial standards and is inter- 
connected with the othjr agency networks and with regional net- 
works, to be a part of the INTERNET and then a basis for the 
future National Research and Education NetworL. , ^ ^ . 

We are also sharing with other agencies in research that is 
needed if we are to develop NREN as a one gigabit network, and 
we are also joiniiv procuring international links with other agen- 
cies, saving money, compared with going our separate ways. 

In another area of the initiative we will shortly announce the 
first recipients of DOE Computational Science Fellowships. We 
have had 400 some applicants, and the 22 about to be announced 
are really superlative students, showing that the area of computa- 
tional science is one that students want to get into. They are eager 

*°We^have also expanded our successful high school student and 
teacher training program, using the supercomputer at our National 
Energy Research Super Computer Center that was donated by Cray 
Research, Incorporated. This computer is for the exclusive use ot 
high school science anu mathematics educational programs around 

the country. , , r 

These are some examples, but by no means the only ones ot our 

early start to be ready for the 1992 program. 
Let me turn to my third remark. DOE participates eagerly with 

the other agencies in the High-Performance Computing program 

and in specific, with the National Research and Education Network 

component of it. ^ i „ 

But we have specific requirements because of our role as a mis- 
sion agency, and especially in the networking area ^ye have cer- 
tain requirements that we believe must be fulfilled if we are to 
continue to be able to do our mission in the computing and commu- 

These include, first, we need to have assured and reliable net- 
work linlis between our researchers and the resources that they 
need to access: computers, experiments and databases. 

Any common usage of links that could lead to saturation and re- 
striction of throughput would have serious effects on our programs. 
Historically, this has happened on occasion and is something that 
we would need to avoid in developing the NREN. 

Also, we must retam mechanisms to involve our users in moni- 
toring network opexatibns because in the last analysis, the network 
is ' , their work in achieving our missions. Currently, we do 
this through the ESNET steering committee and beheye that user 
involvement needs to be maintained through the NREN as well. 

Next, because money will be constrained for the NREN, we be- 
lieve that the NREN must be requirements-driven. The lines have 
to be put where the usage and the users are. It cannot simply be a 
technology demonstration. It must be a functional network meeting 

requirements for usage. . r a 

And finally, we believe that the Department of Energy and the 
Federal Government will continue to require its own presence in 
networking research and in verv high-end network deployment. 

Historically, the commercial networking interest has not ex- 
tended to the very leading edge where Federal missions require 
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networking, a very high-band width, specialized services, special- 
ized forms of interconnect. 

We believe, and are working earnestly to achieve the commer- 
cialization of aspects of the NREN in a technology transfer and 
function shedding mode, but we at present do not believe it would 
be possible simply to commercialize the NREN lock, stock and 
barrel and remove the Federal presence from very high-end net- 
work research and deployment. .00^.. 

Those are my three general remarks. Now let me turn to &. 6^6 
and I will offer three comments on the bill. First, S. 343 assigns the 
responsibility for High-Performance Computing and Communica- 
tions management to the Secretary of Energy, and while we are 
flattered by your confidence, we believe that existing interagency 
management structure is appropriate without modification. It is 
working now on a consensus basis, and we think that is the best 

way. c^ 

Second comment on S. 343 is that it calls for the Secretary to es- 
tablish at least two collaborative consortia to be led by national 
laboratories. Such consortia are already within the scope of the ad- 
ministration's High-Performance Computing and Communication 
program, and they are consistent with the National Energy Strate- 

And as I mentioned, our early start program this year already or 
soon will, as we announce it, include several national laboratory- 
led collaborations. 

My third comment and final comment on the bill is we do agree 
with the provisions under section 8 of S. 343, allowing the Secre- 
tary to protect information generated with industrial collaboration 
for up to 5 years. ^ „ , . . 

Our experience in the Department of Energy, working with in- 
dustry, is that companies are more willing to risk their own K&D 
funds cooperating with the Department if their work can be held 
confidential for an appropriate period. ^ ,,,, . , , 

And I would note that this provision in S. 343 is also consistent 
with current authority under the National Competitiveness and 
Technology Transfer Act of 1989. 

These conclude my oral remarks. 

[The prepared statement of Dr. Nelson follows:] 

Prepared Statement of Dr. David B. Nelson, Executive Director, Office of 
Energy Research, Department of Energy 

Mr Chairman and Members of the Committee: I am pleased to be here today to 
discuss S. 343 entitled, "Department of Energy High-Performance Computing Act at 

1991 " • 
Before commenting on S. 343 I would like to describe the Department of Energy s 
roles in the High Performance Computing and Commumcations HPCC) P^^^^^^^ 
submitted to Congress as part of the President's Fiscal Year (FY) 1992 budget re- 

'^"'The Department of Energy is an enthusiastic participant in the President's pro- 
gram High performance computing is an element of the INational Energy strategy, 
and we believe that by working together with the other agencies and the private 
sector we can better achieve our requirements in high performance computing and 
communications, and at the same time accelerate progress in the fields s"ence 
and technology needed for DOE's missions. In a broader sense, we believe this pro- 
gram will have a substantial impact on U.S. competitiveness m computer technolo- 
gy and also on technologies that are enhanced through computational techmques 
iuch as manufacturing, chemicals and materials. In testimony on March o, 1991, re- 
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crarHinff S 272 entitled "The High-Performance Computing Act of 1991," Dr D. 
Allan Bromlev of the Off ce of Science and Technology Policy, remarked on the 
"cS,'^?a\ion among agencies in developing ^His i"^^^^^^^ 
thrworW of eieht separate agencies mto a coherent whole while 

havrSo bSn worked out, although we certainly know *™ ^1 
Si? r i"Ji«^altCX W^^^^^^^^ 

"'f, nr ^B^^mlev has testified, legislation involving a fast-moving technological 

hope to involve additional agencies and PWama in mture years ana it mg 
appropriate that they take on specific technical or coordinating roles. 

DEPARTMENT OP ENEBOV AOTVlTlfiS IN SUPPORT OF THE INITIATIVE 

Ut me turn now to specific DOE activities '-J-m'^f^^l ^eTrl'f wouU fSttS; 
The FY 1992 budget submission describes our plans for future JS?"; '„"S?roui!hout 
mention today the actions that 've '.'ve taken to be readyjor ^Thro^^ 

raJin^^ie'SctsTraSer; r t£ gir ■•rulc'k starf on Lhiev- 

ance computers for of S^urc^ but acStS^s have been cooKlinated to 

SjreTc^eslTaUrlglSc'eS^^^^^^^^^ 

l:S;',^?SrSpM»ndrSrM 

unt results in Ireas such as nuclear w»ponWety f'^.^^'^'^^^S 
per second by FY 1996 looks quite feasible .t,. g-riy start of several 

rartSS.^^?,r^arryf ^ f u» - — 

^rr^jrsSrSM 

backbone, which connects the National Laboratone^^^ J ^.^ 

has been upgraded in bandwidth from f J with 

per second, using Tl circuits P'-^f'^'-f^fi'^h f^^^^ NSFNET, NASA's 

example, we are cooperating with I^ARt'A, jNOi? ? agencies we 

!;Lfe%i«uT.^'lirtsr^S«Sl^^^^^ With tL Europe- 
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ans and the Japanese, saving,' money compared with duDlicating these circuits tor 

the area of basic research and human resources DOE has begun a computation- 
al scencSleSowship program to provide urgently needed graduate trammg or 
DOE missions We will shortly announce the first 22 fellows, chosen rom over 4m) 
Sc^ts RecX.en ts will be\ble to choose from among those universities that 
Save qualitiSi P^^^ of «t"dy in a field of computational science Over bO univer- 
S have alreadv submitted applications to be qualified, and another f 0 have mm^ 
cated their intent to apply. We have also expanded our very successfu high schoo 
Sent and teacher trSihing program using the supercomputer at the National 
Energy Research Supercomputer Center donated by Cray Research. Inc. dedicated 
for the exclusive use of high school science and mathematics educational programs 
around the country. 

REQUIREMENTS AND EXPECTATIONS 

T would now like to discuss DOE's requirements and expectations ot the High Per 
fortrmnce Computing and Communications Initiative, with special emphasis on the 
NaSal ResS and Education Network (NREN). As I indicated a the beginning 
of mrtestimony, DOE is an enthusiastic participant in the Presiden s initiative, be- 
tuZ we bdiev; that by working with other agencies that have simi ar needs we 
can increase the pace and effectiveness of our programs and better use the resources 
made avaUable to us. Already, some of our preliminary cooperation in computing 
^stems development, applications development, and networking development and 
deployment give evidence that this is true. This is especial y true in the networking 
Sa Xere we share in common with several other agencies contractors and grant- 
ees who require network access to our computers, experiments, and data bases. By 
working together to develop higher speed networks with better network services 

'^rwer,Tur c^o^VrM^^^ not lose sight of particular 

requirements that the DOE researchers have for networking. First, we must be able 
tTprovSe isured, reliable, high speed access for our laboratories and for our other 
rontractors and grantees to our computers, experiments, and data bases that are 
SStral to carrying out IX)E'3 research missions. These resources are located at van- 
Ts DOE sUesf and rely on ESNET for remote access, DOE must retain sufficient 
sovereignty over our network future to continue assuring this access, and to extend 
t as requirements develop. Our program would be seriously debilitated by re y.ng 
on common circuits that could become overloaded by ""'constrained usage. Historj 
gives numerous examples of this happemng and teaches us to be cautious^ 

Second, DOE must retain mechanisms to involve our users in n^on^toring ncmork 
nidations Currently the ESNET steering committee and its technical subcommit- 
?SpSeThrm"ecLnism;o ensure that the solving ESNET rapidly 
needs In addition, DOE conducts outsxde peer reviews of ESNET. the most recent in 
jSuary 1991 looked at ESNET in the context of the P^esidentls initiative T^^^ 
viewere recommended a cooperative management structure for involving ESNE1 in 

white maintaining priority on ESNET DOE Pro^ammatx^^ 
They also recommended that DOE continue to manage ESNET '"J J^y^^?}'" de- 
corates user needs in the decision process. Finally, they recommended that DOE de 
Eplnn w^rother Varticioating agencies, a timely mechanism for incorporating a.l 
rsir'reqm'reme'^^^^^^^^^^ conflicts regarding NREN and its component 

parts, and that this mechanism involve all the user communities of NREN 

Th rd DOE must economize on network expenditures under current constramed 
buS tKs fact encourages appropriate network sharing with other agencies, but 
fhe'ne1wS%apS?es iSust Te requirement, driven and there must be mecha^ 
nisms in place to determine and respond to usage requirements. DOE s own 
networking needs are determined by our agency missions. f,..,.^„ 
Foulth DOEis planning on much higher network bandwidth to meet the fu ure 
reqremente of the Department's researchers; we need the gigabits capaci v of 
NREN and wil work with the other agencies to achieve this The expected lone- 
term cost of developing a gigabits-level network Precludes DOE doing it a^one^How^ 
ever suitable coordination mechanisms must be developed and put P'^ce to 
Sre that gigabits network development Priorities correspond to the needs of each 
oSioating agency. We believe that network technologies and services should be 
?omS 2zei^ as soon as possible in a continuous technology transfer process. 
IWver history indicates that there will be a continuing need for federal d^^elop^ 
nent TVesearch networks at the leading edge. The broad commercial market for 
netwo k services typically lags specialized research needs by several years. One of 
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the NREN goals is to shrink that lag time by involving private companies in tech- 
nology development and provision of network services, but the lag will probably not 
disappear. 

COMMENTS ON S. 343 AND C.iIEH HPCC LEGISLATION 

It is eratifying to see congressional interest in High Performance Computing and 
Communications. We welcome the opportunity tc work with <^"^f««„^.f^^^^^^^^ 
goals of the HPCC Initiative. Although we are encouraged by the lepslative interest 
in the HPCC program shown by S. 343, we do not believe that legislation in thw 
Lrea is nec -Jry especially in light of the Administration's proposal for a well de- 
fined and c ^-.aid HPCC program in the FY 1992 budget In fact, since the tech- 
nology char Uy in the HPCC area, legislation would inhibit the flexibility 
SeceSaJy to . - such a dynamic program, to adjust HPCC research pno"tie8 
and to change direction as required to keep pace with technological mnovations and 

^ wXScific regard to S. 343 I offer three <:ommente Fk^^^^^ manage- 
ment structure, S. 343 assigns the responsibi ity for establishing the HPCC manage^ 
ment plan to the Secretary of Energy. As I discussed previously, the HPCC program 
S a complex dynamic activity involving extensive interagency coordmation. A man- 
iement structure for this activity has evolved over the p. st four years, as the par- 
St"ng agencies worked together to formulate the HPCC program. Consequently 
we feel that the existing interagency management structure is appropriate, without 

'"^ond,'°concerning research and development collaborations with industry, S 343 
calls for the Secretary to establish, at least two <^ol!fbp'^f^^^« 
national laboratories. Such consortia are already within Jje scope of the HF^ P^^^ 
gram as defined by the Administration. Further, the establishment and nurtur ng of 
fi?h industrial collaborations is a high priority for all IX).E programs ^^fr o^J En- 
hanced Technology Transfer Initiative, which is consistent with the National 
StSe^I^dustrial collaborations have also been established as a very higi 
priority both at Headquarters and at the National Labora ones as part of the 
oartment's High Performance Computing and Communications program. Indeed, as 
Tment'on^ earlier, our early start program in FY 1991 will include several nation- 

''t^TS ifo "sio^'un^^^^^^^ 8 (Ownership of Inventions and Creations) al- 

lowine the Secretary to protect information for up to five years, is desirable and 
coSUt wTh eSer legislation. Our experience working with '"dus^ « that 
companies are more willing to risk their own research and Seve opme^ 
erating with the Department if their work can be held confidential for an aPDropri- 
ate iSiod This provision would be an extension of similar authorities under the 
NatiWal Competitiveness Technology Transfer Act of 1989 to cover other collabora- 
tive agreements with industry for the HPCC program. „:„;ior nrnnn«prf 
I would also offer the following comments with specific regard to similar proposed 
leirisktionTthe Houw a^^^ Senate, i.e., H.R. 656 and S. 272, as marked up by the 
S SrimeVce (Stt^ last month. The drafts of these two bills are similar 
and the following comments apply to both: . p,„„„.;i f-_ o^: 
First, a separately legislated role for the Federal C«>rdinating Council for Sci 
ence. Engineering, and Technology as proposed in H.R. 656 f.^»d,f 272 is not 
aoDroDriate The management structure for the Administrations HPCC pro- 
K h^ evolveS overX past several years as the participating agencies have 
worked together to formulate the HPCC progra^n. This structure is appropriate 
r defined by the Administration HPCC program wherein the Director of the 
Offfce of Science and Technology Policy is responsible for the overall develop- 
ment, coordination, and evolution of the HPCC program activities. 

Second, H.R. 656 and S. 272 should not assign agency roles for such a pro- 
gram, nor should they attempt to mandate specific reouirements for the inter- 
agency plan. Such mandates limit the flexibility of wliat « ^'''^'^''ii^. 
nirnic initiative. H.R. 656 and S. 272 should only request the defimtion and ae- 

velopment of agency HCPP programs. ^ . Vaf;„„oi Onionrp Fmin- 

Third, lead agency responsibility assignmtnts for the National Science foun- 
dation and for the Defence Advanced Research P'ojecte Agency s^^^^^^^^^ be delet- 
ed This restricts the Administration flexibility to alter assignments, neCM- 
£ry the program evolves and can inhibit the participation of other agencies 
S thev are now proposed vithin the .administration HPCC program for Nation- 
7\ ResLrdi and EdScatiou Network (NREN) activities and for R&D for future 
gigabit speed netv/orks. 
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For example, il.R. BoG and S. 272 mention the Department of Energy only m 
passing The DOE is a major participant in the Administration's HPCC propos- 
al, and we must allow for DOE participation in the areas of basic and applied 
research in HPCC technologies, in computational science, in NREN deployment, 
in gigabit speed network research and development, and in educational pro- 
grams as specified in the Administration's HPCC proposal. 

Fourth, there is significant confusion over the meaning and requirement vov 
commercialization of the NREN, i.e., whether this requirement is to transfer 
technology to U.S. industry through cooperative programs with industry, wheth- 
er it requires the privatization of the NREN at some point in time, or whether 
it is to promote the inclusion of commercial networking services over the 
NREN. Since this area is confusing and ill-defined, H.R. 656 and S. 272 should 
only promote the transfer of HPCC technologies to U.S. industry. 

Finally, H.R. 656 and S. 272 lack provisions addressing protection of commer- 
cial information produced under this program which will be needed to prevent 
the unauthorized or premature disclosure of critical information for U.S. indus- 
try participant?; in the HPCC program. The Administration has proposed other 
legislation in the National Energy Strategy which allows the Federal govern- 
ment to copyright government employee-authored computer software developed 
under specific cooperative research agreements and to provide for its licensing 
or assignment in the United States. 
This concludes my testimony. I would be happy to answer questions. 

The Chairman. Thank you very, gentlemen. 

Both of you have testified that this problem is not broke so do 
not fix it. As I understand it, you do not like either S. 343 or Sena- 
tor Gore's bill because both would micromanage and would specify 
different lead agencies in the Federal Government. 

You heard our dialogue with Senator Gore. I think it is very safe 
to say that the Congress has a great interest in supercomputing, 
wants to have multi-year authorizations, wants to set some Federal 
goals, and yet has some differing ideas about who should manage 

The administration does not want any direction at all. It seems 
to me that we need to come to some compromise here between the 
Commerce and Energy Committees and with the administration. 

Now I wonder what parts of this bill— let me put it another way, 
whether you could look at S. 343 and those things that we direct, 
you say, you do not need to direct two collaborative consortia, you 
are already doing that. Well, if you are already doing it, it cannot 
really be harmful, and it makes the Congress feel better. 

And moreover, if the Congress puts some definite goals out there, 
I think you might get more reaction in the private sector. They 
may respond and say, well, look, the administration, the Govern- 
ment is really serious about this and they are going to reach these 
goals. So therefore, we can invest in fiber optic cables, switches, all 
of those things that are going to take a tremendous investment. 

Now, can you help us draw up a bill which will not microman- 
age, will give you flexibility, but will set in Federal law some goals 
that at least the Congress subscribes to and that you can go along 

with. , _ .„ J 

Dr. Wong. I certainly believe that we can, and I will do every- 
thing we CJ'.ii t ) make it happen. i • 
Dr. Nelson. I agree with Dr. Wong. I think we do have the basis 
for productive legislation, by working together, and we would like 
to work with the Congress to see if we can achieve that. 

The Chairman. Well, I wish you would do that on a very high 
priority basis. I think the Commerce Committee has already report- 
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ed their bill. I do not know when that would be considered on the 
flooi* 

Tthink Science and Tech is about report over in the House, 
are they not? The subcommittee markeo up the bill yesterday as 1 
understand. So before we get too far down his road-I mean, if we 
are going to allow for this flexibihty, it would seem that that i^ .he 

""if we ""cai! neither freeze NSF or freeze DOE into the process 
allow you to pick and choose, continue down the present road or 
whatever, but give you discretion. It seems to mo that is the big 

^^^Dr Nelson. I think Senator Ford has made some very construc- 
tive comments on this Une, Mr. Chairman. 
Dr. Wong. Including some language, I might add, that would be 

ef ml 

"^Senator Ford. You know for a country boy to have some lan- 
guage that two doctors accept has made my day. 

T^^Chairman. We are going to have look at it very closely. 

The^CHAiRMAN. I appreciate it very much, gentlemen. We look 
forward to hearing from you on it, and Senator Ford and our staff 
and I and all of us will be working with you on it. 

I^Sat^J ^FoRD. I am going to yield to Senator Bingaman. I 

usurped his position last time. Go ahead. 
The Chairman. Senator Bingaman. nu • r^f 

Senator Bingaman. Thank you very much, Mr. Chairman Let 

me just ask a few clarifying questions, and perhaps. Dr. Nelson, 

'^^SisTOett Ked to go from $65 million to $93 million I 
beUeve. How does that break down as between your office, the 
Energy Research Office, and the defense programs side.' 

Dr Nelson. Senator, the amount that you allude to is all in the 
energy research side, and the reason for that is by no means to ex- 
elude the defense programs side. In fact. Dr. Hecker will be testify- 
ing on behalf of Los Alamos in a few minutes. u • i • f u« 

We^d not want to-I will use Dr. Bromley's words-brick in the 
defense programs' contribution by a specific monetary amount be- 
cause they have program accomplishments that they need to make^ 

I would point out that the experimental computers that have 
been purchased at places like Sandia and Los A amos and your 
own StSCto a consi^ extent, have been funded with defense 
program funds. So the contribution is there. The contribution 
wouYd be there in the future, but we did not, wish in the Depart- 
ment to brick in these application specific funds. 

Senator Bingaman. Tfiat use of funds from the defense programs 
side is not alluded to in this blue book. Is that right.' ^ . • 

Dr NeLon Yes, sir. The funds, but certainly the contribution 

Senlto^/ BiNGAMAN. Let me ask Dr. Wong, you refer when you 
are talking about ESNET to a National Networking CounciU^^^^ 
ordinate networking activities among the Federal and the non-Fed- 
eral community. How is that council made up.' 
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Dr. Wong. I believe that is probably a misinterpretation. There 
is a Federal Networking Council made up entirely of Government 
employees. There will be a private sector advisory group formed 
pui-suant to FACA guidelines. The two will coordinate, but they 
will be sort of complementary bodies, rather than a single entity. 

Senator Bingaman. So the idea is that the National Networking 
Council would have as one of its duties, to coordinate with non-Fed- 
eral users, but it would not have on its board or make-up any non- 
Federal? , r • 

Dr. Wong. That is correct. I believe the official name tor it is 
Federal Networking Council. 

Senator Bingaman. I see, instead of national, okay. Those are 
really the questions that I had, Mr. Chairman. Thank you. 

Senator Ford [presiding]. Senator Craig. 

Senator Craig. Mr. Chairman, thank you very much, both Dr. 
Wong and Dr. Nelson. I think by your testimony and by l-he con- 
versations that we had here in the committee today that we are to 
a point in this discussion and concern where at least everyone has 
a meeting of the mind, and ne w the necessary language is of course 

Dr. Nelson, you expressed some concern about the protection of 
DOE facilities and network and preemptive concerns. Could you 
broaden a little bit on that, as it relates to how you might envision 
the necessary language to protect and at the same time, retain the 
flexibility that I think we are all interested in. 

Dr. Nelson. Senator, are you referring to the network access 
question, and of our need to preserve some sovereignty over it? 

Senator Craig. Yes. , „ , 

Dr. Nelson. At current, the INTERNET is made up of several 
networks that are separately managed and separately funded. If 
one thinks of the worldwide telephone system, that is also the oase. 

And yet, users of either the current INTERNET or the world- 
wide telephone nystom do not concern themselves too much with 
exactly which channe) and whose company. They want to get the 
call through or they want to get the computer access. , u - i t 

Now, I am not prepared to go into specific language, but I think 1 
can offer some principles that may help us. 

Senator Craig. It is a generic discussion at this moment at least, 
and the willingness to cooperate with this committee in getting it 

is what is critical. „ . . , • ui. 

Dr. Nelson. Yes. I believe that the following principles might 
serve us. That for agency-specific or mission-specific requirements, 
agencies might retain separate links which could be used generally, 
but on a preemptive basis. j.u ^.u 

That is, if an agencies' requirements need the band width, tne 
others do not use it. At the same time, each agency will have a lot 
of generalized requirements. For example, it must be— nearly ail 
eight agencies have grants at universities like MIT. 

We would be foolish to run eight separate lines into MIT, and so 
by a combination of some agency-specific lines or subnets and then 
shared lines, perhaps managed or funded by one agency, but with 
the overall oversight of all the agencies requiring those lines, we 
can build up a combination network that will serve our purposes. 
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And I think that it has some analogies in the current phone 
system whereby today in this country even separate companies are 
competing along the same routes and still are managing to provide 

very high service. , . , . x r.. j 

Senator Craig. Thank you. I think that is what I was after, and 
the kind of instructive relationship we need to have at this point, 
to make sure that what we are doing heads us all in the right di- 

Mr. Chairman, thank you much. • ^ «7 i i 

Senator Ford. Thank you, gentlemen. We appreciate it. We look 
forward to working with you. Keep the same attitude after you 
leave the table as you have had at the table, will you please? 

SenatorlpoRD. The next panel will be Dr. Lloyd Thorndyke presi- 
dent of Data Max, Incorporated; Dr. Glenn Ricart, president ot 
FARNET, University of Maryland; Dr. Kenneth King, president—l 
am not even going to try to do that one, EDUCOM. 

Dr. King. EDUCOM. ^ ^_ 

Senator Ford. Dr. Siegfried Hecker, Director, Los Alamos Na- 
tional Laboratory. , , j i ^ ^.u 

Dr. Hecker, I am going to start off to the left and work to the 
right. We will get more conservative as we go along here. 

So if you will kind of restrict your statements to just a fevy min- 
utes, highlights. Each of your statements will be included m the 
record. We are getting squeezed for time, and I apologize tor that. 
But I assure you, you will not go unnoticed. 

STATEMENT OF DR. SIEGFRIED S. HECKER, DIRECTOR, LOS 

ALAMOS NATIONAL LABORATORY 
Dr. Hecker. Thank you very much. Senator Ford. It is good to be 
back with you once again. I will do just that, I will submit my 
statement for the record, and I will try to highlight the com^nents 

here this afternoon. u 4. t o«« 

In fact, what I will do is concentrate my remarks on what 1 con- 
sider the most important contributions that the Department ot 
Energy and its laboratories could make to this initiative. 

And let me just start out by saying, after listening to the conver- 
sation earlier this afternoon, go on record to say that I do not wish 
to manage this network that was discussed earlier. And 1 do not 
wish that Los Alamos manages this network. 

In fact, what I think the short answer is, the Department ot 
Energy, in my opinion, can make the greatest contribution by help- 
ing to shape the leading edge of computing for the increasingly de- 
manding applications in scier?e and technology. ^ 4.u 

And secondly, what we should do is to make certain that these 
advances are available to greater segments of society, particularly 
U.S. industry and businesses. , , 

So in my opinion, those are the two principal objectives where 
DOE can make the major contribution, and I believe that these ob- 
jectives could best be met by establishing and supporting several 
centers of excellence. And 1 will try tc ake that point here this 
afternoon. 
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As was already mentioned, there are many pieces that are re- 
quired to build this high-performance computing capability. It 
takes much more than just the computer. You have to know how to 
handle and store data, and we have already discussed the aspects 
of a network and so forth. So there are many things that are re- 
quired. 

But what to me is most important, and Senator, I am sure you 
can appreciate that, that just like a fancy race car or great pairs of 

skis 

Senator Ford. Try a race horse. 

Dr. Hecker. Or a race horse from Kentucky 

Senator Ford. A great race horse. 

Dr. Hecker. You have to have a sophisticated and demandmg 
user in order to be able to build the best high-performance overall 
computing requirement. . 

And I think that has distinguished the DOE laboratories, that 
over the years, they have had the demanding applications because 
of their mission, because of grand challenge problems, that have re- 
quired people that know how to solve those problems. 

They have had the users, and i. ^act, they have defined and 
driven the performance of the high-end of computing systems over 
the years. 

Now, what are these demanding DOE problems? Let me just 
briefly state, clearly, they are the mission-oriented things such as 
nuclear weapons design and safety calculations. Those have, for the 
last four decades, driven the demands of high-performance comput- 
ing. 

But today they are much broader than that, all the way from en- 
vironmental related activities, energy activities such as enhanced 
oil recovery, or in fact, the so-called grand challenge problems, 
whether you are talking about global climate modeling or mapping 
and sequencing the humane genome. 

The DOE and its laboratories are involved in all of those aspects 
and that is where these demanding applications are. Now clearly, 
however, in high-performance computing, all of the Federal agen- 
cies, the ones associated with science and technologies have signifi- 
cant activities. 1 , i.U 1 J 

And so in my opinion no single agency should be the lead 
agency. This is something that a number of agencies clearly have 
to play their particular part that they can contribute. 

It was already pointed out by Senator Johnston that Los Alamos 
has played a leading role in high-performance computing. In fact, 
from the very beginning to where today we still have the greatest 
scientific computing capacity anywhere in the Nation. 

Let me talk a little bit about these centers of excellence. Last 
year, at this hearing, I proposed to you what I called collaborative 
research and development centers. In fact, as was just pointed out 
by Dr. Nelson, the centers concept is also in the Federal high-per- 
formance computing program. In that case, they are called high- 
performance computing research centers. 

So let me just say on neutral ground, just call them centers ot 
excellence because really the concept is the same. And before tell- 
ing you what we have done, let us say since last year s testimony 

I " 
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and just a couple of brief examples, let me first tell you what we 
would expect these centers to be able to do. 

FH^t of all, in this mode of a sophisticated user, we would col- 
laboml Inth the computer manufacturers to make certain that we 
are Ibk to take the high-performance computing capabilities to the 

""^sLond it is extremely important that we interact with the uni- 
veSs to make certain that the last innovations m computing 
rnTcomputaronal sciences get built into this system, and also be- 

T^tlilrS l^^t^y1^^\SX^^^^ pointed out eartier 

todav is that these centers could develop an industrial users pro- 
-am' whic^^^^^^^^^ the high-performance computing ca- 
fabUities getting into industry and having industry be able to en- 
hance the manufacturing, design and Pfocessmg^ 

Fourth a general user program could be designed to get tnese ca 
pabmtts ouf ?o a^^^^^ of society, as was abeady men- 

tinned local communities, businesses, schools, and so torth. 
Tfth I Soint^^^ that certain enabling technologies will drive 
some of th^hardware aspects of the computational environr^^^^^^^^ 
the future, and again, the laboratories have some of the toretront 

«ickl^ elaborate on, in this us^mcxl^ofji^^^^^^ 
actine aeain. let us say as in race cars, race horses, skis ana so 
fortS'itTthe fact that'you need to interact between the manufe^^^ 
turer and you need to interact between the user and it takes me 
sophisticated use7-it takes essentially a process of design, build- 
?St^nrredesigning. It is that sort of interaction which is abso- 

^"An'd'again! we have played that role for a number of years _ But 
iust in this oast year, what I am particularly proud of is that we 
ieaii^^ave pkyefthat role with the Thinking Machine Company s 
SectoEm^ And that is, we have been able to these 
massively parallel processing machines, over ^5'""" PJ?^®^^?J^ 
waSing on t] ' problem in parallel and we have been able to solve 
rpfll world DroDlems with those machines. ... 

lifec irme just give you an Wea of the tyi« °* P^f ^^^J^ 
h»vp solved some in looking at oil reservoirs, enhanced oil reccv 
^ We iSvfworW with Chevron Oil Field Research and have 
bSn ableThave them increase their capability of doing this reser- 

™in ft^^ olnny HiUis, who is the founding scientist of Thinking 
MiphinB» W recent V said that Los Alamos has, by taking the 
in *'e Application of ParaUel s".^^^ compu^rs 
proved to the scientific community that the Thinking ^acmnes 
apnroach to high-performance computing is applicable to an ex- 
tremelv wide variety of real world applications. 
Xmuch ^ the role we played with Cray ="P«f "^^heL new 
continue to play, we have played a similar role with these new 

-^t'^&'t'r^Ar^Z^t.r. There is mu« to 
the overall computing environment than just computers. And that 
is we have mentioned software, data systems, et cetera. 
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In order to make this environment be truly useful, what we will 
need to do is make certain that the interf, .ce between this user and 
the system, this computational system is as seamless or transpar- 

^^And whaU mean by that is we would like to be able to access 
these enormous capabilities of a facility like Los Alwnos, essentia - 
ly with the touch of a mouse on a desktop. So that the user actual- 
ly does not have to worry about all of the complications of hooking 

up with this capability. . ^ , _x • ..u 

So a principal goal then of the centers is to make certain that we 
push this computational environment to the limits. 

Now in addition to shaping this leadmg edge, I mentioned the 
importance of the industrial connection, and my statement in- 
cludes a number of examples, but really spurred by last year s tes- 
timony. Senator Bingaman, where you made the observation alter 
hearing John Rollwagon's statements, CEO of Cray, that if you 
take away aerospace usage and government usage of computers, oi 
^ super computers in the United States and you compare United 
States and Japan, you find that the rest of Japanese indust^ es- 
sentially uses twice as many super computers as the United btates. 

So you expressed your concern that maybe the rest of industry in 
the United States is not keeping up with the latest capability, but 
we work very closely with Cray Research Corporation, and in tact, 
after the conference we had at Los Alamos on the frontiers ot su- 
percomputing, to see whether we can change that situation to work 
closely with the computer vendor or manufacturer such as Cray or 
in fact a number of others that we are workmg with, Thinkmg Ma- 
chine and so forth. , . , , a 

And so we have developed a collaboration which reaches out and 
essentially performs this experiment where we reach out and inter- 
face with a much greater segment of U.S. industry. 

And so we have a number of these collaborations going. We are 
also working with Dupont. In fact. Dupont has an industrial statf 
member at our advanced computmg laboratory at Los Alamos, 
learning how to use this highly massively parallel processmg capa- 
bility that we have at Los Alamos. ...... m i , 

So we have launched a number of those initiatives. Clearly, the 
legislation and the creation of the centers with the goal of working 
more closely with industry and the capability that we now have at 
the laboratories of signing CRADA's, that is the Cooperative Re- 
search and Development Agreements. I thmk that would expedite 

that situation significantly. i. r u i. t o«« fV,««o 

So let me just wrap up with a few comments of what I see these 
centers being. I already told you the objectives. I thii^ clear^ 
there will only be a few of those, since we are talking about them 
being at the leading edge. . , . „f4.v,«oomn 
And this is especially true since the next generation of these ma- 
chines and the rest of the hardware are going to be very expen^ve 
very |)eople intensive, in terms of being able to produce something 

^^Thfcy^must be collaborative, in coniur.ction with universities, as 
well as industry, and I think they could be geographically distjibut- 
ed with a lead organization, with several other participants across 
the country. 
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And in fact, it is that geographic tie which brings me to my final 
comment on networking. We have had a lot of discussion here 
about the highway aspects of the network. But clearly^ the^^^^^^ 
important thing for the network is the same for the super comput- 
ers: They are only usef-1 if you can do something with them. 

So the input/outpu. or the on and off ramps of that are really 
crucial. And so again, the most important aspect of the .network is 
the interaction of the user with the design and operation of that 
network, and the part where the centers or the institutions could 
reallv contribute in making certain that the network tnen is able 
to spiN M P rhe requirements of the different users, and clearly the 
difft r li^oncies have different requirements. , • i 

Such as rOE very much on the high end as I have explained; 
NSF, for instance. «c:-ving this great multitude of users. 

So to sum it up, there is no question in my mind, the Depart- 
ment of Energy and its laboratories can continue to help to push 
the leading edge in computing. 4. • fu^f 

But I think these centers of excellence can make certain that 
they shape the leading edge, and provide then this greater useful 
computing capability to U.S. industry, businesses and universities 

Thank you very much for allowing me to share my views with 

you, Mr. Chairman. . tt , r n i 

[The prepared statement of Dr. Hecker follows:] 

Prepared Statement o? Dr. Siegfried S. Hecker. Director, Los Alamos National 

Laboratory 

executive summary 

High-performance computing IHPC) is a critical strategic technology 
long-ferm scientific and economic leadership of the Umted S/aJf J^e D^P^^^^^^^^ 
of Enerev (DOE) and its laboratories have played an important role in dewlop g 
W.^^Z^nL"cLp.iin, because of the need to f mplox compt^^^^^^^ 

probl^s stemming from demanding DOE aPPli'^ations This experie^^^^^^ 
DOE laboratories in an excellent position to help keep the United States at the lead 

"'Th%°ilSe't"^rtance and dynamic nature of the computmg fi^^^^^^ 

that DOE'S overall rSponse should be integiated within a l^rge . c(X)rdinated F^^^^^^ 

al government effort. A special feature, if not the focal point of the DOE mitiati^^ 

should be the establishment and support of a few '^^n^^'^././^'J^f 

the frontiers of this strategic technology. The centers ^hou^d feature ex^ 

actions between computing manufacturers and center researchers who detine ana 

fe4Top the^'^mpuS for future demanding apphca Uo^ At the 

Los Alamos National Laboratory, we have performed this role ^^^^^^^^ Recent 

experience with our Advanced Conputing Laboratory f 5^^te« that w« 

ueTo play this role today in the application of niassjvely parallel m^^^^^ 

ing early production high-performance computers, the c^ntere of excellence wo^ 

build the computational environ nent essential to the advancement of the stote 01 

?h ar^ in prSm solving. Such an environment includes: ^^H^^^^t^ZT net 

rPtrieval ultrahigh-speed graphics, advanced numerical algorithms, software net 

woXandtS^^^^^^^^ 

corporated not only through the computer manufacturer interface, but also via ciose 

A^l'd' maTorfeature of the centers should be the dissemination of this prob- 
ipm S\Zl SDabilitv to p greater fraction of society. To compete with and comple- 
mTnT he increS ng iwer of (personal) computers, the interface be- 

?^in the user S^h^^i^^^^ environment must be made as transpar- 

eTas fiSsible: Sat is, it shouTd^be accessible with the to"ch of a mous^^^^^ 
importaTelement of the expanded user community has to be U.S. mdust /, but it 
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should be followed by businesses, schools, local communities, and eventually house- 

^°ThP centers of excellence should be collaborative (with universities and industry 
as noted) ?nd ?hrshouTd be distributed, comprised of a lead institution^severa 
priSal participants, and a number of affiliated organizations. Fmally, because of 
tie rSrchan^^ Environment, the DOE should have maximum flexibility m es- 
tablishine and adapting the centers to changing times and requirements. 

I w5 discuss thfee matters in my remarks.today. First, I will ^J^^^ ^"'"^"f J^e 
reasons why I support the concept of a coordinated national effort in nigh-perform- 
TnT coSinrSSpC). Second, as an example of the important role that the De- 
Dartmeivt of Energy (DOE) and its national laboratories are already playing in HPC, 
I wirreview the^P^^^^ at Los Alamos National Uboratory Finally, I will 
suggest how the DOE role in a coordinated national effort can be enhanced. 

THE NEED FOR A NATIONAL HIGH-PERFORMANCE COMPUTING INITIATIVE 

I believe that there is no end in sight to the revolution we call the computer age. 
Better performance will en.ble scientists, and engineers '"^^^^^^^^ 
plex problems. High-performa„.c computing has yet to make its greatest impact on 
business industrv, and on our everyday lives. .11 rk 

TTieKnoloS^ high-Jerformance computing has grown rapidly. Over 

throast fortryeara some applications have enjoyed an increase in computing speed 
of ten bi iTon or Sn oSei of magnitude. This increase has come in almost equal 
parS^from Sdvanc'eS in computer Wware and from more ^^P.^^^icat^d M^wa^^^^ 
Snd numerical algorithms. In the past few years, it has became increasingly appar- 
ent thaT new algorithms and massively para lei computer ajj^b/^^^'i'^f^ 
greatest potential for dramatic performance improvements. With increased speed 
P comeTe recognition of other significant requirements for large-scale comput- 

ing: ... 

S?8^^ netilSTng to provide convenient and powerful computing capa- 

sSftwwe ted?to facilitate writing sophisticated scientific computer programs. 

ffigh-performance data storage, retrieval, and analysis. 
In testimony before this Committee last year and in response to f?llow-^P^^"!f; 
tions^ the "Lord. I argued that high-performance computing is a c"tic^ ^trateg^^ 
technology that contributes to U.S. military and economic strength and benefits the 
quality yiife, and, therefore, is of such pervasive importance to the United States 
Ss to demand continued strong leadership. Such leadership, I '^t'^^'^""^^ ".^ly 
maintained with enhanced funding levels and greater '^^^J^Xn /e Z^ch fS^^ 
emphasized the critical need to establish a few centers |f f "e"f,.<*bj^5.i„^tK^!2 
Colfaborative R&D Centers) in HPC that ktop the United ^^^^^^^^^^^^1^1 
of high performance computing. Such centers would '"^f? ^«J^S"^"f„^du2^^^^^ 
tise resident at DOE laboratories with that at universities ^nd U S. industry. The 
centers would be an excellent vehicle to help provide more useful supercomputing 
cIpSty to a g^eSter fraction of our society. .tKis approach is in f "«;f„«p^^Xi 
with the Federal High-Performance Computing and Communications (HPCC) Pro- 

S^^out in S. 343. the DOE is.an agency with great ^epth of knowledge m 
and dependence upon all aspects of high-performance computing and communica- 
?"ons. I?PC is, howVver, such a fast moving technical y demanding and b^oad fieW 
that no sinele aeencv should be expected to play lead role. Indeed, suDstaniiai 
oroereM in this M requires the coordinated efforts of several government agen- 
?fes^Tencies thaPh^^^^^^^ extensive HPC experience as well as mission-specific 

"Kffirmt»at high-peif ormance computing requiremen^^^^^^ 
applications. Such applications include the demanding requirements of U.S. indus- 
t?y and the mission r^uirements of Federal agencies. (For exampi^^^^^^^^^ 
problem of nuclear weapons design has driven and defined HPC requirements lor 

Wg the most demanding applications todav are ^be "Grand ChaUenge'^ prc^ 
lems These consist of fundamenta problems whose solution is critical to national 
nS?nrincTude? modeling of global .climate change; ^dei^tandi.g tu^^^^^^ 
pollution dispersal and combustion; designing new '""l^^^l^J- Pbf,"^^**^^"^^^^^^ X 
materials' determining molecular, atomic and nuclear structure; mapping the 
Tman genomTand" understanding biological structure; etc^ TackU^^^^ 
tions requires the most advanced computational and communications rei Jurces a 
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high-performance computational environment that must continually u^ated to 
Sclude a combination of the moet powerful number-cnmching capabilities, rapid 
^d^emLTd^B^ragfi and retrieval, visualization and analysis techniques, and 

^^Ster^eS? fom is appropriate for this prop an because each agency has 
its owS^SS areas of foc^Js. interest, and strength. For example the National 
&ie,^ KSn continues to support very innovative basic ijs^m co^^^^ 
tional science and computing concepts. The Defense Advanced Rwewch P^^ 
Aflencv (DARPA) has helped to pioneer new hardware and software for massively 
SSSl p^ing Th^^artment of Energy and NASA have been mstromentoa 
Kg thSlSgeneratiSThigh-performance computers ^ soWe dem^dg^ nus- 
sion-oiSnted problems. The DOE, through several of its laboratones, has been m- 
srrSSenSdinT^l^ing a Wgh-perfo^^ance computing envi^^^^ 
this Dossible. An important part of that environment is a high-speed networt 
DOEffiSy &ie3 Network (ESNET), which connects its la&oratones with um- 

''iSe DOrSs' miSo^^^^^^^ needs which will require multigigabit per^nd 
siMltaimUcation access to a national network. In contrast, the National Science 
fSS5SS iS^^^ in supporting a broader uaer commumty butat much bwer 
uXidual rates. Consequently, a national network wiU have to ^^^^^J^^^ 
requirements and usew. Therefore, this capabUity must be planned, implemented 
SSmSagS in the national interest as a cooperative venture, rather than by any 

"""inJ^Sd U.^*iXtriai competitiveness must be a f^ndamentel goal ofany ne- 
tionSw effort in HPC. This Tan explicitly stated goal of the Federal HPOC pro^ 
fi^and. in my opinion, should also be specifically mentioned in S. 348. The cur- 
JSTbSiS cZiate doei not encouragecorporate Ameri^ to invwt sirffic^^^^ 
p^aWinff technoloffies for which the payoff is long term and less immediately onen^ 
StSd mSkS pJoduSS For thJ United Jtotes to continue to hold a primary 
SsS^hiTS inSonal economic community, gL'^^^f ^^^^ 
Knvard-looking strategy with respect to the use of computers for rewarch, tor aa 
vwvMd simulations, emd for engineering design. We behove that the »• 343 conoept 
ofSonal centew of exceUen<^ will provide an excellent veh>^f°L:;°&!Jii 
indiwtS^hi demonstrating the value of modem computational resources, developrng 
dSffildiStriSexperSe, and providing appropriate technology for solving mdus- 
trial applied problems. 



LOS ALAMOS ROLE IN HFC 



Supercomputlng originated with the '•L<«^Alampfl PfoWem/^JB P^^^ 
formance of the fost atomic bomb was called during the Manhattan Froject. we ac 
tSSrSsSni^ and buUt one of the world's firstTarge-flca^e electronic computere. 
thHL^C O^r iSe^t 4^^ we have workeS witti leading superwrapi^r 
mLXtiSers includinpBM, (inu.l Data Co.rpomtion, Cray Researcfi, Inc. (CRI), 
and moet recently Thinking Machines Corporation (TM^]- - „,„vimi7inff the 

Our role has been that of a sophisticated user with the goal of maximizmg tne 
prodScSityTtl^hidividual. In that capacity, we often develop new software siid 
to solve complex problems. And occasionally we even develop new hard- 

^ hf 1976 Sevmour Gray brought his first Gray-1 to Los Alamos without software 

lems At last yMtfs heanrij, John Rollwagen, Chairman and CEO of Gray Researcn 
In^ put the rolTof DOiJ md Los Alamos in perspective with his comment. Gray 
would not exist if it were not for DOE and Los Alamos. 

wi» ^uiv^afpor^rr^W 

tTrtwflliTconnectiL'Machines ever produced Irow^SomT 
throughout the nation via a national computing network. But »^ is our own com^^^ 
teSSr intensive applications, starting with the comp exitv of desxgnmg nuclear 
weSM n?w inX^ding a wide ran^e of progrwns <='^-i>«£^,;^^ 
and global challenges such as energy, environmental, and economic concerns, that 
require us to remain at the leading edge of computing teclinology. 

RECENT PROGRESS AT IvOS ALAMOS-THK ADVANCED COMPUTtWG LABORATORY 

In 1988 Los Alamos established the Advanced Computing Laboratory (ACL). It 
ha?bSn k^taJjSTfor SSing-edge research in the technologies that comprise an 
HPC e^vfronmert The current focua is on demanding applications uising the 
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second-generation Thinking Machine Corporation's (TMC) Connection Machine 
which has 65,536 processors, 8 gigabytes of memory, 4 frame buffers and monitors, a 
high-performance parallel interface (HIPPI), and a 20-gigabyte data storage system. 

Over the past two years Los Alamos and TMC have demonstrated that many of 
today's greatest computational challenges can be met with the massively parallel 
processing approach afforded by the Connection Machine. Los Alamos researchers 
are now routinely solving scientific and technological problems beyond our reach 
just a year or two ago. A few examples follow. 

Novel numerical algorithms have busn developed at Alamos which are almost 
perfectly suited for the massively parallel architecture of the CM-2. For the first 
time anywhere, using the synergism of computing resources and the resident exper- 
tise at Los Alamos in computer science and mathematics, we have been able to suc- 
cessfully simulate very complex, small-scale fluid flow through porous media such 
as sandstone and other oil-bearing rock. 

Today, Mobil, Chevron, and Amoco are working with us in research collaborations 
using this computational technology to interpret experimental data gathered to en- 
hance oil recovery. In a recent letter, E.W. Jones, President of Chevron Oil Field 
Research Company, complemented the effort by stating: 

Through our interaction with LANL's researchers, the Advanced Com- 
puting Laboratory, and the Numerical Computing Laboratory, we were able 
to successfully test run a reservoir simulation model with over two million 
grid .Points using LANL's Connection Machine recently. This size of reser- 
voir model is about two orders of magnitude larger than those typically 
used in the oil industry. With this new capabUity, we will greatly improve 
the geologic definition of the reservoir models, which recent research has 
shown to be vital in predicting reservoir performance. 
In the area of global climate change and in collaboration with the National 
Center for Atmospheric Research and the Naval Postgraduate School, Loe Alamos 
has developed a global ocean model significantly more accurate than previoiis 
models. The significance is that scientists are now realizing the greater importance 
of ocean flows and ocean eddy currents to the overall global climate system. Agam, 
this model was an outgrowth of the combination of theoretical expertise in oceanog- 
raphy and expertise in using the attributes of the massively parallel Connection 
Machine: this effort resulted in the first implementation of a global ocean circula- 
tion model on a massively parallel computer, It is only with the parallel architec- 
ture of the Connection Machine and its large memory that this more accurate 
model was possible. ^, ,^ ^ . 

Los Alamos is also actively involved in global change studies with other Universi- 
ty of California institutions. The main thrust of this project is to perform research 
contributing to the development of an advanced, coupled atmosphere-ocean climate 
model that takes advantage of high-performance computing. To date, this work has 
been done principally on our topK)f-the-linfe, Cray Y/MPs, The project is a three-way 
collaboration with Loe Alamos, the Scripps Institution of Oceanography, and the 
Lawrence Livermore National Laboratory; the project has been expanded to include 
all nine of the University of California campuses— a fact which reflects both the 
success of the project and the increasing interest in global climate change. Graduate 
and postdoctoral students play a significant role in this research. 

Assuring the safety of the nation's nuclear stockpile is one of the key responsibil- 
ities of the DOE nuclear weapons program. Fulfilling this responsibility requires the 
extensive use of computer modeling to simulate the behavior of nuclear weapons 
components in possible accident environments. The complexity of such scenarios, in- 
volving difficult three-dimensional geometries, complicated physical phenomena, 
and great sensitivity to small changes, has always placed extreme demands on avail- 
able simulation capability. Recent advances in parallel computer architectures and 
the development of innovative numerical techniques have now provided a new level 
of capability for threendimensiona simulations of nuclear weapons safety issues, A 
most important component to this capability has been the expertise of Los Alamos 
scientists in the development of the free-Lagrange hydrodynamics method and its 
implementation on the Connartion Machine. . i j. j • 

These examples demonstrate our continuing role in shaping the leadmg edge in 
high-performance computing applications. Adding his support is Danny Hillis, 
Founding Scientist of TMC, who in recognizing the continuing critical role played by 
Los Alamos asserts: ''Los Alamos has, by taking a leadership role in the application 
of parallel supercomputers, proved to the scientific community that the Thinking 
Machines approach to high performance computing is applicable to a wide variety of 
real world applications." 
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But .uperoon-puter, *en»,lv« do -t JP^^ 
Alamos has close ties to the ^wm^^^JK-^'Z^: L Mtisfy our require- 

fJ^:rhSSS^'1?triSi«^S^to^he?'S^^^^^ IBM wm he a m^or 
indurtrial collaborator in this new Vty^ obiectivea for centers of exceUence. 

part of the NSF Sctance 'ES.'T.^'ES a^f oStX Lo. Alamofc and Ar- 

tant field. The Scientific Computing Staff at TOE has jiwt es^isn^ Associated 
'^■?«rt'hS^Wghlkht«l the need for grater utitation of H^„^ "-J 

-S^^AS,^&^^Spr^^:Z^^^ date: 
Automotive eiigine combustion code development 
Integrated simulation tool 
High-resolution global climate modelmg 

gether with a researcher from a DuPont/Loe Alamos 

Mexico Technet and several wctor como^^ j 

we caU the New Mexico Supercomputing ^fflTiidentJ UiJSighout Nei Mexico 
competition that provides teams ot W^f*^*^* projects using 

with the opportunity to become S^gSJienK^ studenti 

"^t^^^Tt^eZt^na'^tca^s t rve«pS>blems^ically not 
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possible in high school classes. The enthusiastic response Ikoiti New Mexico 
schools— 235 students and 55 teachers in 65 tean.s irom 40 schools in the first Chal- 
lenge alone— demonstrates significant interest, motivation, and untapped potential 
for science education at the high school level. We would like to expand this program 
under the aegis of the Federal HPCC program to other states next year. 

POTENTIAL FOR AN ENHANCED DOE ROLE 

The future computing environment will continue to evolve in unforeseen ways in 
response to new requirements and opportunities. The Federal HPCC initiative cor- 
rectly points out that many Federal agencies must contribute and that their etlorts 
must be coordinated with U.S. industry, universities, and national laboratories. 1 
will concentrate only on a potential DOE role since that is the focus of S. 343. 

The DOE continues to require the application of leading-edge high-performance 
computing for its mission requirements in defense, energ>', environment, and basic 
research along with grand-challenge scientific problems. Consequently, I believe 
that the DOE^s principal focus should be to help shape the leading edge of high- 
performance computing. As already pointed out, Los Alamos has always played a 
strong role in this area. We have accomplished this in the past almost entirely with 
the financial support of the nuclear weapons program. That is no longer appropri- 
ate, nor possible today, since our contributions now cover a much broader spectrum, 
rangiiig from the human genome project to enhanced oil recovery. 

In addition, the DOE can contribute significantly to putting a more useful com- 
puting capability into the hands of U.S. business, industry, and a roader segment 
of society. A computing environment that is friendly and available to large s^- 
ments of our population would likely change the entire fabric of American lite. 
Business decisions and operations already depend largely on computing, but com- 
plete connectivity and access to national data bases with powerful computers and 
high-speed networks wouid increase their productivity and hence the nation s inter- 
national competitiveness. Access to data bases could influence daily decisions that 
vary from health care and diagnosis to automobile repair. The DOE laboratories 
have developed an extremely productive collaborative relationship with U.S. com- 
puting manufacturers that would serve as a starting point. In addition, they have 
also established a groundwork of educational initiatives that reach out to students 
early in their careers. 

RECOMMENDATION 

Both of these objectives are mcorporated into the concept that I presented to this 
committee last year, the Collaborative Research and Development Centers for HFC. 
Similar "centers of excellence" are featured in the Federal HPCC program and re- 
ferred to as High-Performance Computing Research Centers. I remain convinced 
that "centers of excellence" for HPC should be the cornerstone of the DOE s re- 
sponse to the Federal initiative. The Department should also support the science as- 
so-ia^ed with grand-challenge problems and bring greater computing capabilities to 
all oi its researchers through advances in hardware, software, and networks. 

The Centers Concept 

Centers of excellence at DOE laboratories would continue to shape tlve leading 
edge of computing and promote greater access to useful HPC capabilities. Ihe objec- 
tives of the centers should be to: . . , *i. u „u 

1. Collaborate with computing manufacturers to develop the high-pertorm- 
ance computing environment of the future (including high-speed communica- 
tions and protocols) by solving demanding grand-challenge problems; 

2. Collaborate with academia to continue to bring the latest innovations into 
this environment and to offer a training ground for students; 

3. Develop an industrial user program to encourage greater use of HPC capa- 
bilities for industrial design, manufacturing, process enhancement, and business 

4. Develop a general user program designed to provide user-friendlv comput- 
ing through networks to local communities for businefs, sewndary schools, and 

universities; and . . ^ ^- • • „ 

5. Develop enabling technologies for high-performance computing in conjunc- 
tion v ith U.S. industry and with other Federal agencies such as DARPA. 

DOE Centers of Excellence for HPC 

The accompHshments at Los Alamos this past year demonstrate that the Ad- 
vanced Computing Laboratory can serve as a model for DOE centers of excellence. 
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Rve objectives listed "l^^/^/Si!? computer manufactur- 

cused immediately on tlie *f*^f'fi,S"e by Mil«^^ demanding grand-clial- 
ere to develop the HPC fn™""*"' "IS™,^^^^^ lart year, this will require. 

S,Ve?S"c»'*'~ 

"KlopiSg'SS! hardware, algorithme, etc., in collaboration with high- 
'"[fSde;K~"nt'rtS^ networking sys«,ms. 
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Disseminating knowledge and experience gained to others. 

I believe that the centers of excellence will be most effective as collaborative and 
distributed centers comprised of a lead institution, several principal participants, 
and a number of affiliated organizations; a center of excellence is in effect a team of 
several organizations. While individual sites will make important contributions, the 
geographically distributed nature of the national computing resource must be key in 
the organization of the center itself. Thus, high-end use of networking and other 
technologies by a center of excellence to effect distributed computing will play an 
important role in the broader goal of developing efficient and distributed massively- 
parallel computing over a large geographical area. 

Centers should be established at a ff w leading institutions, those that currently 
have outstanding computing facilities, significant grand-challenge and mission-on- 
ented problem-solving programs, and track-records of workiM successfully with 
computing manufacturers as well as U.S. industry, in general. Since computational 
science is such a rapidly moving field it would be wise to provide the DOE with the 
maximum flexibility in establishing and operating its centers. 

Thank you for the opportunity to share my views on the future of high-pertorm- 
ance computing and the role that DOE and its laboratories can play. 

Senator Ford. Thank you, Doctor. 
Dr. King. 

STATEMENT OF DR. KENNETH M. KING, PRESIDENT, EDUCOM 

Dr. King. Senators, it is a pleasure for me to respond to your in- 
vitation CO testify before the committee on S. 343, the Department 
of Energy, High-Performance Computing Act of 1991. 

I represent EDUCOM, an association of over 600 American col- 
leges and universities, working on the goals of creating a national 
information technology infrastructure and using information tech- 
nology to improve intellectual productivity in teaching and learn- 
ing. 

I also represent the partnership for the National Research and 
Education Network, a group of associations and corporations which 
is supporting the creation of a national research and education net- 
work. 

The last several years have seen rapid progress toward the 
NREN. This is in large measure che result of coopeiative efforts 
among many groups. In Washington, Federal agencies under the 
direction of the White House Office of Science and Technology 
Policy and the Federal Coordinating Committee for Science, Engi- 
neering and Technology have played important roltj in planning 
the NREN and expanding existing research networks. 

The National Science Foundation has created and managed the 
highly successful NSFNET. Universities have cooperated with each 
other and with State agencies to form more than 20 regional and 
State research and education networks, and have made large in- 
vestments in the hundreds of millions of dollars to build computer 
networks on their own campuses, so that the faculty and students 
may have the widest possible access to network resources. A con- 
tinuation of such collaboration is essential. , .„ o O.O 

As I understand the intent of the committee bill, S. 34d, the De- 
partment of Energy would be directed to create an advanced na- 
tionwide computer network for use by all Federal agencies and de- 
partments in their research and education programs. 

The language of 6.A, section 1 of S. 343 is not clear as to the rela- 
tionship such a DOE-sponsored network would have with the ad- 
ministration's high-performance computing and communications 
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nroeram nor with the high-performance computing bills currently 

^t'l^'SS^'tap'ortant that the scientific and technical re- 
sources o"KpaTment of Energy be part of an ongoing partner- 
Zr^lffortTith ottier Federal agencies, ""versifaes. libran^. and 
Xtry to create the NREN and to ensure best p^^e com- 
puting akd networking facilities are made available for national re 

Xpartfcutri^like to support all of the initiatives there 

in P3"!<="'J'!'', Hp-Wpr for the Department of Energy. 
"Tou aSth'at I tSt s^^^^^^ the proper management 
structure for he National RSearch ana Education Network, and I 
t'u devote the remainder of my statement to that subje^ 

There are many management challenges faced by those engagf <■ 
in h„iMin?the SREN, but the following are key priorities. Main- 

ueveioijiii^ F vnjir>I. makine the transition from the current 
into service in the JNKiiiN, mamng i"<= "° . , f .ff~-fivelv ouer- 
informal management structure to one capable ot ettectiveiy oper 
aUngX nationwide high technology service en 

Nfet^aWaTtTSL^^^^ 

bSy which can balance the interests and guide efforte of Fed 

cil, NNC, with participation by both I'eaerai ana numc 

*i^hSo^furth« definition of the role and responsibility of this 
biy Ccrelti?n sLms to be a reasonable next step in the evolu- 
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tion of a management structure for the NREN, and we believe 
your committee should support the NNC proposal. 

In conclusion, I would like to emphasize two points. First, the 
university commui '*-y views the creation of the NREN as absolute- 
ly essential to its role in advancing science research and education 
and is already made some substantial financial and programmatic 
investments in the campus computer networks which are necessary 
to reach the faculty, students and research staff users of the 
NREN. 

These investments provide an unprecedented means to leverage 
a major Federal and State program to meet important national 
goals in research, technology transfer, and econcmic competitive- 
riGSS. 

Second, the long-term success of the NREN will be measured by 
the extent to which it meets a wide range of needs in research and 
education, needs which transcend the boundaries of individual Fed- 
eral agencies and whose fulfillment requires a working partnership 
among government, education and industry, 

I hope that in the markup of S, 343, the committee will revise 
the language of the bill to provide that the Department of Energy 
will be a full partner in the team effort to create the NREN. 

Thank you. 

[The prepared statement of Dr. King follows:] 

Prepared Statement of Dr. Kenneth M. King, President, EDUCOM 

Senator Johnston, it is a pleasure for me to respond to your invitation to testify 
before the committee today on S. 343, the Department of Energy High Performance 
Computing Act of 1991. I represent EDUCOM, an association of over six hundred 
American colleges and universities working on the goals of creating a national in- 
formation technology infrastructure and using information technology to improve 
intellectual productivity and teaching and learning. I also represent the Partnership 
for the National Research and Education Network, a group of associations and cor- 
porations which is supporting the creation of a National Research and Education 
Network (NREN). 

The Department of Energy has distinguished itself over many years in supporting 
high performance computing and networking. It is doubtful that the leadership in 
supercomputers which the United States enjoys today would exist if the national 
laboratories under DOE and university sponsorship had not devoted significant re- 
sources to their development. It is therefore entirely appropriate that the Depart- 
ment play a major role in the federal High Performance Computing Program and 
especially in the creation of a National Research and Education Network (NREN). 

The NREN is an ambitious undertaking. It requires high technology, some of 
which is not yet developed; a nationwide operational infrastructure of advanced 
communications facilities; and a working partnership of many organizations and in- 
dividuals from government, education and industry. The ultimate aim ot the NREN 
is to pave the way for the electronic national information infrastructure which will 
form the communications base for our economy in the 21st Century. 

The last several years have seen rapid progress toward the NREN. This is in large 
measure the result of cooperative efforts among many groups. In Washington, feder- 
al agencies under the direction of the White House Office of Science and Technology 
Policy (OSTP) and the Federal Coordinating Committee for Science, Engineering 
and Technology (FCCSET) have played important roles in planning the NREN and 
expanding existing research networks. The National Science Foundation has created 
and managed the highly successful NSFNET. Universities have cooperated with 
each other and with state agencies to form more than twenty regional and state re- 
search and education networks, and have made large investments— in the hundreds 
of millions of dollars— to build computer networks on their own campuses so that 
faculty and students may have the widest possible access to network resources. A 
continuation of such collaboration is essential. 

As I understand the intent of the committee bill, S. 343, the Department of 
Energy would be directed to create an advanced nationwide computer network for 



use by all federal agencies and departments in their research and educational pro- 

^X'" language of Section 6(aKl) of S. 343 is not clear as the relaUon^^^^^^^ 
DOE s^nSr^ll network would have with fhe Adjnjnist^^^^^ H |h Performa^^^^^ 

artini ^^t^^-SrS r sTn^atfand ^ouse research 

that the ^st to i^P- ^^^^^^^^ 

^uS ani neSi^g 'l^^^.X^^S^ national ?esearch and 
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Department of Energy could make major comriDoiioii^ . , development 

ISrgTcZjuSn.'l^roble^ oU^^^^ .„ ^„,„,i„, , help- 

Additionally, we believe that ^fC'^^tary watKin s »mti« secondary education 

schoois, deserves the support of your committee^^ management 
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^"Makfnft^^ transition from the current inf or ^^^^^^ 

one capable of effectively operating a nationwide high technology 

AEssful management strategy for the NREN fo^ the near ter^^^^^^^ 
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A Darticioative policy making body which can balance "»e inreresu* «n b 
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The Administration's HPCC program proposes the creation of a National Network 
Council (NNC), with participation by both federal and non-federal network users 
and providers. Subject to further definition of the role and responsibility of this 
body, its creation seems to be a reasonable next step in the evolution of a manage- 
ment structure for the NREN and we beheve your committee should support the 

NNC proposal. „ , . ■ 

In conclusion. I would like to emphasize two points. First, the university commu- 
nity views the creation of the NREN as absolutely essential to its role in advancing 
science, research and education and has already made substantial financial and pro- 
grammatic investments in the campus computer networks which are necessary to 
reach the faculty, student and research staff users of the NREN. These investments 
provide an unprecedented means to leverage a major federal and state program to 
meet important national goals in research, technology transfer and economic com- 
petitiveness. Second, the long term success of the NREN will be measured by the 
extent to which it meets a wide range of needs in research and education, needs 
which transcend the boundaries of individual federal agencies and whose fulfillment 
requires a working partnership among government, education and industry. I hope 
that in the markup of S. 343, the committee will revise the language of the bill to 
provide that the Department of Energy will be a full partner in the team effort to 
create the NREN. 



EDUCOM, 

Washingtm, DC, January 25, 199L 

Hon. J. Bennett Johnston, 

Chairman, Energy a^d Natural Resources Committee, 

Hon. MaijCOlm Wallop, 

Energy and Natural Resources Cow Httee, 

Hon. Wendell Ford, 

Chairman, Subcommittee on Energy Research and Development 
Hon. Pete Domenici, 

Subcommittee on Energy liesearch and Development. 

Dear Senators: The Partnership for the National Research and Education Net- 
work is writing to request your support of legislation for a high capacity national 
computer network to serve a broad range of research and education purposes The 
Partnership, whose current members are listed below, encompasses a number ot 
education, hbrary and computing organizations and associations. , . . 

The NREN will be critical to increasing the nation's research productivity and 
economic competitiveness through rapid diffusion of research and educational tech- 
nology that meets national needs. For the past several years, a number of federal 
agencies, several state and regional network organizations, and many colleges and 
universities have been working to bring the benefits of high performance computing 
and advanced networks to their instruction and research programs. Considerable 
progress has been made, with hundreds of campuses and research sites already con- 
nected to existing low to medium speed networks. The initial successes and poten- 
tial for far great' . positive impact on the nation's research capability, as \vell as 
improvements in educational productivity, call for the stimulus of federal invest 

ment. xi_ i • i. 

To realize these objectives, NREN legislation must incorporate the key points 
listed on the attachment. In summary, these points are based on a conviction by the 
members of the NREN Partner hip that: 

Creation of a federal, state and local networking partnership, with contribu- 
tions from all levels, will be essential to the success of the network; 

Education in its broadest sense complements established research objectives 
iiU3 a reason for development of the NREN; 

All involved constituencies of the NREN must have a voice in the develop- 
merit of network policy. 
All fifty states should ^>e provided high capacity access to the network. 
It is anticipated that the President will include a proposal on the NREN in his 
FY92 budget; however, there are a number of issues unaddressed by current Adnriin- 
istration plans that we believe require legislative action by the Congress, In addi- 
tion, although Congressional hearings were held last year, and S. 1067 (The High 
Performance Computing Act of 1990) passed the Senate, the bill did not include 
many of the provisions we believe are essential to the success of the NREN. 



We look forward to congressional hearings in this session on bills incorporating 
these points an^ to working with you on this important legislation. 

Sincerely, Kennfth M. King, President. 

Members of the Partnership for the National Research and Education 

Network 

ArfvanrpH Network & Services Chief Officers of State Library Agencies 

IncoJ^raS^ Coalition for Networked Information 

American Association of Law Libraries Computing Research Association 
American Association of State Colleges & Corporation for Researc^^ 
Universities Educational Networking 

£=5 X^Sr ?Sa.ion of American Research 

ffi.WA'mS''u„i>.r.i«es IBM/riSmic I„forn,a.io„ System. 

Association of Research Libraries MCI Corporation 

National Association of State 

pill Atlantic Universities and Land-Grant Colleges 

CAUSE SpecM Libraries Association 

The National Research and Education Network 

A POUCY FRAMEWraK 

Purposes of the Network 
The purposes of the NREN program should include: r.-^a tor>h 

Reskrch and development of advanced communications facilities and tech- 
niaues for use throughout the U.S. economy; u „ j 

Development of methods for providing network access to research and educ^^ 
tional information resources in electronic form, from both public and private 

^""ui^of advanced networks in the national research community, both public 

^"l ncrel^^'in the rate of technological innovation, including transfers of tech- 
nology from public and private research programs to ail fe<=tors of the econon^^^ 

l^of networks, of both current and future technical capability, in federal, 
state and local educational programs at all levels; 

Development of the human resources needed to promote widespread and pro- 

'^"S^ofThe^N&T^^' prototype for future advanced communications net- 
work that would serve all citizens through the facilities of commercial service 
providers. 

Access to the Network 

Federal state and local research and education agencies, libraries and educational 
instUutSns aiidSgan^tion^ should be responsible for ensuring that teachers, stu- 
dpntj* »nd researchers have access to the NREN to assist in their work. 

LSr^rie8,TSarch sitS publishers and other affiliated organizations should be 
encZagS tJ)Tonnect to the NREN so that their electronic mformation resources 
may be made as widely accessible on the network as possible. 

Funding of the Network , , <, * 

The federal government should continue and accelerate the level of support it pro- 
vides for rSelrch 2nd development of advan.ad communications networks which 
will provide the technical base for the NREN in the future. 

The federal government should fund collaborative projects among federal agen- 
ci^ unSiS^ and industry that are designed to encourage rapid ransfer of ad- 
vanced communications and information technology to the private sector. 

The fSeral government in partnership with state and local agenciw, libraries, 
and rJSrch and Sucatw institutions should provide the resources for network 
uL^n reseSch and eduS programs. Specifically, the federaUovernment sh^^^^^^ 
fund, as part of essential infrastructure for resparch and education Programs- mter" 
stete access from all 50 states to the NREN. In addition, the fedeml govern 
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of the to be brought to faculty and students at all levels at the earliest possi- 

ble time. 

Governance of the Network 

The federal government, in partn >rship with the states and public and private 
network organizations and user groui s should establish an independent, non-govern- 
ment function (which could be a boai I, an agency, a federally chartered activity) for 
the NREN whos^ task is to set and administer policy and to guide planning, for the 
development of h( NREN. The members of the board should be selected so as to 
ensure balanced participation by users (including government, the privatt sector, 
education and libraries) of the network in establishing policy. 

Responsibilities of the board should include technical standards for the NREN, to 
ba developed and administered by a panel that is broadly representative of academ- 
ic, industry and government experts in computer and communications technology. 
The NREN should be required to adhere to national and international networking 
standards where applicable and consistent with the goals of the network. 

To the maximum extent possible, operating facihties needed for the NREN should 
be procured on a competitive basis from private industry in order to encourage the 
early development of advanced communications facilities within the private sector. 

Senator Ford. Thank you, Dr. King. 
Dr. Ricart. 

STATEMENT OF DR. GLENN RICART, PRESIDENT, FARNET 

Dr. Ricart. I am the Director of the Computer Science Center at 
the University of Maryland, and I am also the principal investiga- 
tor on the SURANET project. 

SURANET connects together 100 institutions of research and 
education in the Southeast, including Kentucky and Louisiana. 

This :^ ear, I also serve as the President of FARNET. FARNET is 
an association of networks such as SURANET that provide for the 
linkages between the Federal networks and schools such as MIT. 

We are the ones who fill that intermediate role between the mis- 
sion-specific agency networks and the schools and research institu- 
tions of this country. 

Let me explain why I believe it is so important to build this Fed- 
eral high-performance computer network. First of all, as a re- 
searcher, I need to build on the results of others. I can have more 
and better results to me over the network than I can find in any 
one given library, that is important. 

Second, I need to have interaction with my peers. Of my 10 clos- 
est associates, only two of them may be physically at College Park, 
the others may be across the country. If I can have interactions 
with them which are prompt, which are rich in content, I am f^oing 
to develop better ideas than any one person alone could develop in 
isolation. 

Third, we need to share unique resources. For example, you 
know that we are building in the Southeast, the continuous elec- 
tron beam accelerator facility in Hampton RoaJs. This will deliver 
a tremendous amount of scientific data, with SURANET enhanced 
to the multi-gigabit speeds, envisioned by S. 343, that accelerator 
could be accessed by scientists located at institutions throughout 
the Southeast and throughout the country. 

These first three benefits will give rise to a fourth one: the de- 
mocratization of science. For example, Prairie View A&M Universi- 
ty, a historically black university in rural Texas, is an active user 
of the Department of Energy laboratory and computer facilities at 
Fermi Lab. 
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Fifth thev are poim to be positive effects I cannot foresee. In my 
20 years of L^^^^ networking, I have never been able to overes- 
tim'ate wh^^^ the future can bring That apphes to research bu^^^ 
think the san^e thing appUes in education from K through i^, on 

'^WulNhtv^'t'^^^^^^^^^ of research, education and technology 
transfer occurring in U.S colleges and universities and other mst - 
tXns onucatfon, the Federal high-performance computer net- 
work ought to be heavily influenced by these institutions 

Tl^hiKt Energy has very ^"^^'^ TuT the S 

bilities that create unique network requirements, but the universi 
ties and other research institutions that will be a part of the S, 343 
consortia wfll have contracts and grants with other Federal agen- 



Tt would be wasteful to have separate high performance network 
connections to each Federal agency. We urge the Department to 
work wirother^^^^^^^ on a single crossniisciplinary multi- 

Seabit national network when dealing with universities and other 
XfS Research agencies. The Office of Science and Technolo- 
erv Policy has an important role to play. 

also urge a management structure in which research and 
educatfon wU^^^^^ not merely a pure Federal effort. As 

34rifp?erently drafted, it leaves too much responsibility to the 
SecrL?v of the Department of Energy to interpret all needs and 
nriorides of thi existing regional and State networks which are 
grerned by the reiarch and education communities who jeally 
Ipplar to be forgotten in this bill. Libraries a^^^^^^^ 

Wp need a networking structure in the United btates that inte 
gratis the NaSonal Laboratories and the universit es, not one that 
f^pLrates theTf^^ this in both the connectivity sense and m 

*1 r^nrtttTe have had great success so far in a d^^^^^^^^^^ 
ized approach to national networkmg. Local, State and regional 
networks function together well with a minimum of coordination. 
S de?entS^^^ allowed the network to take advantege 
of leveraging local. State and university investments. It is hard to 
beUe^e t?at^ a P^^^^ of predominantly central managemen 
would be as flexible as innovative or as rapidly evolving as today s 

^Th^li^iXZnal Laboratories can develop for us two key 
technologies f^^^^^^ national multi-gigabit network with connec- 
tions to Sid representation from research and educauon. 
Xst ^de use of the network in education, primarily primary, 
secondary and cor inuing education, will require low-cost coniput- 
:raccts'staUons. Right now we do ^ot have thus^ We hav^to g^^^ 
Knv fl spnarate computer, a separate modem, a separate data serv 
ic7™it?and ^ forth The NaLnal laboratories c.mW <^^^^^^^^ 
tegrated low-cost network access stations. It would help the net 

Second wllfeid a massive conversion of the print material that 
we currents hfve so they can be transmitted across the network 
we currenuy uave » ./.p-rch The National Laboratories could 

Lt a ^i"e^^^^^^ TrflTe T will 

X to the digital form which is the medium of the future. It will 
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take something like the National Laboratories with their capabili- 
ties and their foresight to be able to develop that technology in ad- 
vance of its commercial feasibility. . , T Tv,^ 

If I sound optimistic. Mr. Chairman, it is because I am. The 
usage on the computer networks has grown at 15 percent per 
month compounded for 4 consecutive years. That means a factor ot 
five increase every year. About half of that ^owth rate is from 
new users and about half is from new users, and about half is trom 
additional use by those already connected. Uv 

The Federal high performance computer network envisioned by 
343 will be an stimulating and exciting catalyst to U.S. research, 
education, and sponsored technology transfer to industry. The ben 
efits will flow not so much to individual researchers as to the 
United States and its abUity to innovate and compete in the world. 

In summary, it is my opinion that a Federal multiagency,j^ 
tralized and gigabit network with connections to and, importantly, 
representation from research and e<ij^cation communitie^^ will pro- 
vide a powerful strategic advantage to the United States The Na- 
tional Laboratories have a very important role m this formula. 1 
urge that S. 343 incorporate language that supports this vision. 

Thank you. ..^^ t^. ^ r n ^ 

[The prepared statement ot Dr. Ricart follows:] 

Prepared Statement of Dr. Glenn Ricart, President, FARNET 

introduction 

Tt io n Histinct Dleaflure to be here today to testify with reBpect to the high per- 
fomance com^^^^^^^^^ by^S. 343. I am the pirector of the Compu^ 

erldJnce Ste7at the University of Maryland and Principal Investigator on the 
SuSt P?oje^t which links approximately 100 research and education institu- 
SURAnTis 7vSZZ by the Southeastern Universit'es Research Association 
Afh 40 mpmhprs in the southeastern United States, 

T^ib y^r I prS^idSnt of FARNET-a federation of more ctian 30 American 
computer networks serving research and education. 

extension to research and education 
The United States spends more money on research and developmenyhan any 
coi?try in the world. But on a per capita basis, we behindjvera^^ 

SFerl^raS ^tpS^N^t^rk h'^^^^^^^^^^^ --1 

for FSSIl aKencr^^^^^ (Section 6('iX2)). This is far too limited The 

S;\wol%tri2" research °,7-it".T^^^^ 

vprsities and coooerative organizations such as SURA and to education generally ir 

?he Un t^ S would allow the network to serve the education 

and research activities of Section 6(b) and the consortia of Section 6(c). 

Let^e explain why it is so important to build the research and education commu- 

"'Fi^{"?eLrch is a process of reaching ever higher by standing on the shouWg^ 
of others. A properly constructed network will give me access to both more varied 
and more timely research results than I can now find. 

SeSnd rSch is a process aided by interaction with my peers. Of my ten clos- 
J^n S two are 5 v^^ly locat^ locally to me. Today's computer networks 
SJ>S mffinSSis thJt keep me in touch with them. When the back-and-forth is 
prX^ and STcontent. it allows ideas, to be developed that are richer and more 

'"^S'weTeSW^^^^^ resources. For example, the Continu- 

ou?mfitTon"^am 5lJcKter Facility (CEBAF) now being constnicted by S^^^ 
under contract to the Department of Energy near Hampton Roads, Virginia, will 
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deliver a tremendous amount of scientific data. With SURAnet enhanced to the 
mtKab tT^^^^^ by S. 343. this accelerator could b« a^^ed hy scian- 
tiBti liated at^itutions located in the- Southeast ena across the country. 

^Tfi^th^ will give rise to a fourth: the democratization of science. 

For exSe TrSe View University, an historically black umversit> in 

ru^al tS % an active user of Department of Energy laboratory and computer fa- 

" F&h^VlerT'iJiuV positive effects I can t fore^e. In my 20 years of computer 
netiwkins I've never been able to overestimate what the future can bring. 

far7 hi^e of research, but all of these thmgs are of tremendous 

ben^m to edicaS af well-from kindergarten through higher education and on 
into lifelong continuing education. 

MANAGEMENT STSUCTURK 

With the vast majority of research, education, and ^technology transfer occurring 
in TI ? coUfifiS universities, and other institutions of education, the Federal High- 
?e^Sr^^Sc:>mpZT&trknho^xld be highly influenced by %^^^.i^^f^^}'Z;^ 
TOleT^Seve that Energy has specific mission-oriented responsibihtiea that may 
Ste uSe network rS^^ the universities and other research mstitu- 

S that 5dn blTSrt^the S. 343 consortia will have contracts and grants witn 
nCr fSerTl acenciS as well- It would be wasteful to have separate high perform- 
anS nifwS connS^^^ federal agency. We urge the I>ei)artment to work 

S S F«S on a single croes^discipUnary multi-gigabit national 

Sork wheTde^^^^ universities and other non-Feae^.M research agencies. 
wThop^rhTtheS^ of Science and Technology Policy p?ays a strong role m the 

''^We^alsc urge a management structure in which research and educ^tionarer^^^^^^ 
sented S 343 as presently drafted leaves too much responsib-iity to the Secretary o. 
Enerev to interpret all ieeda and priorities. The existing regional and state net- 
wSrMch aJS governed by the rWh and «iumion ^^^^^J^'^^^^f^^^^ 
hflv*. hppn fonrotten in S 343. Librar C5 are not mentioned. We need a networking 
struct^Te^fo'X UniL S^^^ that integra.^ the "JJJ-fiitnS^^ 
sities; not one that separates them. I mean this in both the connectivity and man 

"^iS noTthat we have had great success with a decentralked approa^^^ 
tionS networking. Local, state, and regional networks function well ^er wi^^^ 
minimum of coordination. The decentralization h.is allowed nt^twork to take ad^ 
vantaie of leveraging university, local, and state investments. It is hard to believe 
STprogram ^th^ predominantly central management would be as flexible, as 
innovative, or as rapidly evolving as today's decentralized structure. 

NATIONAL LABORATORIES 

I believe the national laboratories can develop two key technologies for a national 
multfSit network with conne.:tion8 to an^ representation from research and 

^Fl^rJ^ide use of the network in education, particularly primary. ^^"ISt^we 
contSuing education, will require low cost networ k access stations. At Pr^"t, we 
mSstb^v several different components from diff<jrent companies and make them 
wo7k other -rhe national labs could develop an integrated low cost net- 

sS^oSHe n^"a massive con ersion of existinjj print and slide materials to elec- 
trolTfomat so that they can be transmitted ove;- the "etwor^and us«i eft^^^^^ 
in research. The national laboratories could develop laser diptiwra that convert 
these materials to the digital form that will be the medium of the future. 



POTENTIAL 



If I sound optimistic, it is because I am. The usPse on the computer networks we 
now have hM grown by an average of 15% pe: month, compounded, over the last 
four vSw Tlite?S^nts an increase by abactor of 5 every year. About half of 
that rate users. The other half represents increasmg use by those 

^^^^feeraTH^gh-Performance Computer Ne.^work will be a stimulating and ex- 
citine Sal^rt " D S re^arch, education, and technology transfer to industry. Ibe 
b^iefite S fio^^^^^^ to individual resr~ che:^ and students as to the 

United States and its ability to innovate and compe.e. 

6G 
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SUMMARY 

It is my opinion that a federal multi-agency and decentralized multi-gigabit net- 
work with connections to and representation from research and education communi- 
ties will proviow a powerful strategic advantage to the United States. The national 
laboratories have an important role in this formula. I urge S. 343 incorporate lan- 
guage that supports this vision. 

^onator Ford. Thank you, Dr. Ricart. 
Mr. Thorndyke. 

STATEMENT OF LLOYD M. THORNDYKE. CHIEF EXECUTIVE 
OFFICER, DATAMAX, INC. 

Mr. Thorndyke. Thank you. Senator Ford and the committee, 
for the opportunity to discuss the thoughts tor the establishment of 
the high performance computing network and program. I come 
here as an individual and a member of the Institute of Elec*^ 
and Electr^^nic Engineers Computer Society, Scientific Supercom- 
puter Subcommittee. However, this testimony does not represent 
IEEE's policy position. , ,1.., r 

My 35-year business career has been spent m the high perform- 
ance computing or supercomputing side of the industry, so you 
imow from where I am coming. Until recently, I was a senior exec- 
utive with Control Data Corporation, a lifelong builder of super- 
computers, and I was founder, fuesident and CEO of ETA Systems, 
Control Data's supercomnutor subsidiary. 

In choosing a metliod of implementation of thn HPC, Congress 
should explicitly recognize there are two types of agencies under 
consideration. The first, represented by DARPA and NSF, are 
agencies that administer programs and manage funds but do not 
themselves carry out the rese>,.:ch and davelopment. 

The second type of agency represented by the Department ot 
Energy and NASA administer and manage programs as well as 
perform research and development in support of their missions. 
This fundamental distinction should be kept firmly in mind when 
responsibility for implementing the HPC networks are assigne<l. 

Since the early 1950's, the AEC and now the DOE have been pre- 
mier users and a driving force in the development of "^^b perform- 
ance computer systems now known as supercomputers. The DOE 
acquisition of sunercomputers and articulation of future require- 
ments gave U.S. Industry access to highly confident customers and 
encouraged development. Although the designs of these supercom- 
puters were optimized for the needs of the DOE laboratories, the 
supercomputers sei-ve equally well for a wide variety of industrial, 
scientific, and engineering needs. 

The DOE labs, exemplified by Los Alamos National Laboratory 
and Livermore National Laboratory, have historically played a piv- 
otal and often critical role in the development of high perforniance 
computing and communications. Scientists at Los Alamos collabo- 
rated with the staff of Cray to develop software which is so essen- 
tial for the total systems operation. Similar collaboration occurred 
between Livermore Laboratories and Control Data leading to Con- 
trol Data's best selling supercomputer, the Cyber-205, which was a 
forerunner for the ETA-10. ...... ..t. j 

Livermore National Laboratories played a critical role in the de- 
velopment of high performance storing devices which are essential 
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to supercomputer operation. Dr. Sidney Fernbach, then director of 
at Livermore. worked with me and my team at Con 
trol Data in the development of a ^^g^ performance dis^^^^^^ 
tem, the CDC-819. This was to remain the standard supercomputer 
disk storage device for nearly 15 years. The scientists and engi- 
neers at Livermore Laboratory's experience and understanding of 
?hl[r own application was essential to successful introduction of 
this disk system to the marketplace. t ai 

More recently, in the last half dozen yeai^ Los Alamos and 
Livermore have been active in improving the state-of-the-art o 
h ghT^^^^^ communications. The high Performance pa^^^^^^^^ 

interface channel, or HIPPI channel, was a cooperative effort by 
the staffs of Los Alamos, IBM, and others to satisfy a need for a 

"""tTelo^'^tL^^^^^ the Cyber-205, the 81^^^^ the 
HIPPI channel-are on y a few examples of the ability ot the Na 
3 Laboratories to wLk with industry at the state^^^^^^^^^^^^^ 
develop practical new technology and products. Industry then takes 
thLe prXts to the marketplace. The laboratories accomplished 
these feats while pursuing their mission requirements. 

The roS Tnd success of the two types of Federal agencies must be 
a significant f^^^^^ in the consideration for assignment of responsi- 
biUty for the HPC network effort. The track record of the M^^^^^^ 
agency involved is an important consideration in attaining the 
goals of Federal involvement which will decrease in time. 

The record shows that mission-oriented entities such as Los 
Alamos and Livermore Labs are focused on Pf ^^^^^^^ 
sion They develop, acquire, or cause to be developed tools to enable 
hem to perform thei? missions. It is precisely this ^cus on mis^ 
sions that result in effective capability to t^e user community^ 
They accomplish this by evolving industry so that they can take 
the technology and create new products in the marketpla^^^^ 

Historically, the most advanced supercomputers have been 
plfced Xre the greatest technical staff exists to smooth the^^^^^^ 
Production into use. The DOE labs are among t^e first users ^^^^^^^ 
new generation of supercomputers. These computers must be 
networked at speeds beyond those required by today s curren^^^^^^^^ 
percomputers. The DOE labs should be assigned the lead resigns 
bility and given the funding development for the HPC network, al 
lowing remote access to these new supercomputers. 

The added requirement to move the responsibility of this net- 
work from Federal control into the private ^^''^(J^^^^^^^^^^ 
this becoming part of their mission. However, placing the leader 
shfp res^isibility for the highest performance element of the net- 
work outside of DOE is, in my judgment, wrong^ 

The only question is, once a program is launched what lead^ 
shin arraneements are best to achieve the goals. The IEEE Com- 
puter sS^^^^^^ Computing Subcommittee members 
strongly believe that the DOE National Laboratories are best 
equS with experience, leadership and a . strong track 
recorTto attain the HPC goals. There arn, of 5?^^^^/^?^;^^^^^^^^^ 
etary burdens which must be addressed regardless of which organi- 
zation is to take on these responsibilities. These budgetary concerns 
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must not be overlooked or the HPC program will get off to a slow 
start, and that is not in the best interest of our Nation. 

[The^prepared statement of Mr. Thorndyke follows:] 

Prepared Statement of Lloyd M. Thorndyke, Chief Executive Officer, 

DataMax, Inc. 

disclaimer 

This testimony is presented by an individual who is a member of the Institute of 
Electrical and Electronic Engineers' Computer Society Scientific Super c mputer 
Subcommittee. Although other members of the Subcommittee support the views pre- 
sented here, this testimony does not represent an official position of the Subcommit- 
tee nor an IEEE policy position. 

INTRODUCTION 

Senator Johnston and Committee members: I want to thank yoc the opportu- 
nity to testify before you today to express my thoughts concerning the ;»tablish- 
ment and m^iiagement of a High Performance P<>'nP"ti«« Netwojkmg ^^^^^^^ 
simply HPC. I come here as an individual who is a member of the Institute, of Elec- 
trical and Electronic Engineers' Computer Society Scientific Supercomputing Sub- 
committee. However, this testimony does not represent an IEEE policy PO^tio" "or 
an official position of the Subcommittee. My 35.year business career has been spent 
working in high performance supercomputers on the industry side, so you know 
where Fam coming from. Until recently, I was a senior executive with Control Date 
Corporation, a long-time builder of supercomputers and I ^ ua a founder. President 
and CEO of CDC's ETA Systems supercomputer subsidiary. 

two types of federal agencies 

In choosing a method of implementation .for the HPC, the Congress should explic- 
itly recognize that there are two types of agencies under consideration, rhe tirst, 
represented by DARPA and NSF, are agencies which administer programs and 
manage funds, but do not themselves carry out research and development. fc>ome ot 
the staff members at these Agencies come from academic research laboratories, 
spend a few years on "rotation^' and return to scientific and engineering research 

^^tL* swoJd^type of agency, represented by th^ department of Energy and NASA, 
administer and manage programs as well as perform research and development n 
support of their missions. This fundamental distinction should be kept firmly in 
mind when responsibUities for implementing the HPC Network are aMigne^^^^ 
though both types of agencies have experience with administering funds allocated to 
universities and contractors, only the second type of agency has an active in- 
house" research staff. 

historical role of the doe IN-HOUSE STAFF 

Since the early 1950's, the Atomic Energy Commission and now the Department 
of Enerev. or DOE have been premier users and a driving force in the development 
of high performance computer svstems. Over the years, the acquisitions of super- 
computers by the Department of Energy laboratories and the articulation of their 
needs for future higher performance computers in an open and ongoing dja ogue 
with the designers and manufacturers of these systems gave the U.S. industrv 
access to highly competent customers and encouraged the industry to develop Al- 
though the designs of these supercomputers were optimized for the needs ot the 
DOE laboratories, to a high degree, these supercomputers served equally well for a 
very wide range of industrial, scientific and engineering needs. It is. however, the 
focus provided by a single set, of applications which are well understood by a cadre 
of experts willing and able to communicate their needs to the manufacturers and 
designers that has made this supeicomputer growth possible. u„„,„^ „„j 

The DOE laboratories, exemplified by the Los Alamos National Lalwratory and 
the Lawrence Livermore National Laboratory, have historically played a pivotal 
and often crucial role in the develoniiient of high performance computing and com- 
munications. The Cray 1, the woild',^ fi. production vector supercomputer, wasde- 
livered to Los Alamos in April 197(1. At -he time, virtually no software had been 
developed for it. However, the capabilities of the new supercomputer were so great 
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that the laboratory was able to make significant advances in its .^"^i^";,^" 
process the scientists and engineers at Los Alamos collaborated with tl^e staff 
Eray Research to develop the software which is so necessary for total systems oper- 
atSn Similar collaboration occurred between the Livermore Laboratory and Con- 
trirOata (CDC), leading eventually to CDC's best selling supercomputer, the Cyber 

''M^N^on'^^^^^^ played a critical roie in th. development of 
high oSmance storage devices which are essential to supercomputer operation. 
FOTeSSnX the late Dr. Sidney Fernbach. then Director of Computation at Liver- 
more^'^rfe with^^^^ my Lm at CDC in the J^velopment of a new high pe^ 
form^ce disk system for supercomputers. This disk system, the CIX; 819^ was to 
remain the standard supercomputer dwk storage device for almost 15 years. It was 
uaSi L only Srthe CD^ prXcts, but also by Cray Research on the Cray 1 and 
s^J^r mSels The scientists and engineers at the Livermore .Laboratory, cooper- 
atSr^ith CDC, caused it to be developed. They were famUiar with their own appli- 
cations and recognized the critical need for this new device. . 

More r??ently^n the last half dozen years, both Los Alamos Lwerm^^^^^^ 
been active in improving the stete-of-the-art in high performance communications^ 
T5fe ffigh PerfOTman^^ Parallel Interface [HiPPI] channel was a cooperative eff^ 
by staffs of Los Alamos, IBM and others to satisfy a need for a standard high speed 
cCnel inteSce. This interface is now an industry standard with many manufac- 

'"atur'c^al^X^^^^^^^^ 205, the CDC 819, and the HiPPI channel 

are onlv a fewex^ples of the ability of the National Laboratories to work with 
SJduStr? ft the steteSf^he-art to develop practical new technologies and products 
indS^^ tlSen tekesthei producte to the marketplace. The Laboratories accomplish 
these feats while in pursuit of their mission requirements. 

ROLES OF DARPA AND NSF 

The fundamental importance of Federal funding of research in high performance 
comouting S co^ through DARPA and NSF cannot be overempha- 

a iSfsfAnffrf America's unive^ities and the dyn«nic t^/^^^jjamiar^^^^ 
trv in hieh nerformance computing and communications have been dramatically in- 
&ncXKrTr??Smin£^^^ by DARPA and NSF ojr t^^^^^^^^^^ 
Thev each have worked effectively to build a firm infrastructure of intellectually 
Jig^rous orJanLZn^^ are ready to play an appropjiate role in t^^^^^^^^ 
aspects encompassed by the high performance computing and communications ac 

MlPAnet and NSFnet were pioneering and successful e^J^^" eZrji^n^^^^ 
networks. DARPA and NSF played key roles in estabhslung these research u^r^n^^^^^ 
works and deserve a lot of credit for the major contributions to the commur^^^^^^^ 
rSwork technologies However, these networks were not designed to provide the 
?lKanS or &o^^^^ demanded by production supercomputer users. 

ASSIGNMENT OF LEADERSHIP IN THE HPC NETWORK 

The roles and successes of the two types <>^ F«^f al.^«PHK.HP^^^^^^^ 
factor in the considerations for assignment of leadership in the HPC netwwk ett^^^ 

There is no question that the HPC.networWng P'^o?^'VpJl"«ii"iy ^^^^ 

biotic relationship among the activities of dl agencies. ^^ej'^J®"*!^ 

gram has demonstrated that this concept is well supported by the agencies tt^^^^^ 

ielws If the goal of the HPC networking program is to put into place a vigorous 

development eW initiated with Federal funds and «tr"rt";^^^^^^ 

involvement can decrease in timer then ^t , is. important to coMid^^^ of the goa£ 

derlying factors which transcend personalities and effect attainment o the goaw. 

U is a fact that administrative activities tend to retam admini^^^^ 
fhe record shows that mission oriented entities such as the Us Alamw 
more Ubs are focused on performing their mission. They develop, acquire, or cause 
S bl dfveloM tooSto enSble them to perform their missions. Tfiey f comp^wh this 
bv invSeindustry so industry can take the technology and create i.roducte for 
t4 SHacc The Labs are assisted in maintaining this focus by the ■idministra- 
tWe^velSgft" the DOE headquarters. It is precisely this focus on mission which 
rPBulta in an effective capability to serve the user community. • „j 

U b SthWsScally ?rue aJid logically consistent tlif t t^e Ubs be^ a^^^^ 
iMfl resnonsibilitv and given the required funding for developing the initial pnasea 
Khe^ i^e?w?rrTh? add^ requirement to move the responsibility for h« net^ 
work from Federal control would result in this becoming part of their mission. The 
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oversieht functions of DOE headquarters and FCCSET would monitor the project to 
Sfthlu&nsition is faitUly maintained, However plac^^^ re- 
sponsibility faithfully maintained. However Pl^cmg leadership rw^^^^^^ 
NSF, solely a funding agency, is in myjudgment wrong and would reduce the 
chances of an expeditious transition from Federal sponsorship. F^rfpr^l 

We emphasize that there is no disagreement that we are aware 
involvement in the initial phases of this networking is essential. The only issue 
wouUaTpSar^o conce n thibest way to ensure that the Federal mvolvement does 
not extend any longer than necessary. Also, there is no issue concerning the compe- 
LnceTthe Kna^^^ nor of the competence of the universities 

and contractors which NSF would choose to perform the initial work were they to 

Once the program i« 'f-J^f,. Y^'iVSmT^^^^^ » 

Sin/sul^rc^^^^^^^^^^^^ IKK 
Son of- DOE Sh is both politic and conservative (no agency wishes to risk aii 
SSsfon toits TsSon-^ in these times of tight budgets-without an ac- 

SmSnrbudgrincreaJ^Tt^^^ National l^lwratories are best eqmp^ 
3 staff exoerience, leadership and a strong track record to attain the HPC 
SworS gS. TW^^^^^ ii^Pli^i* budgetary burdens, which must 

SeS reK ess S which organization is to take on these new responsibUities. 
TheselSdgeXy c^^^^^ must not be overlooked or the HPC could get off to a slo^. 
start that is not in the best interests of the nation. , j . . *^ <.«o«,«. 

Thank you for this opportunity to address you today. I would be happy to answer 
any questions you may have. 

Senator Ford. Txiank you very much, Mr. Thorndyke. 

I closed my eyes. I am not sleeping. I am trymg to think. 

We are talking about the Federal Government managing the net- 
work. That is what we are getting into here. Is the Federal Govern- 
ment the biggest user of the network? Can anybody te!l me wheth- 

^^dV^ RiCART^ The biggest user of the n etwork is research and edu- 
cation in the United States. 

Senator Ford. That would be universities? 

Dr RiCART. Universities. It includes the National Laboratories. 1 
will take a guess, and maybe my panelists would like to contradict 
me. I would say that probably 75 percent would come out of univer- 

Sl^lGS 

Senator Ford. Seventy-five percent use the network? 

Dr KiNG^ I would guess it would be higher than that, and I 
wouV say that for every Federal dollar invested in the develop- 
ment of the network, to date there has been $10 invested by col- 
leges, universities, industries, and States. „ j^^cu^r. 

SeAator Ford. Has that been put together in a leadership 
manner, or are they kind of nickel and diming it together, even 

though it is $10? , r 4.u«;« 

Dr. King. Their participation has been a conswiuence of their ex- 
citement about the potential of this network and the fact that this 
network has become absolutely essential in carrying out research 
in higher education. _ j • • 4. 

Senator Ford. Well, let me ask any of you, then. The administra- 
tion has Lsed what ib«»v refer to now as the Federal NetworK Coun- 
c^and they are proposing to form the National Network Council. 
They propose to create that. I am getting a strong signal that when 
or if theyform that National Council they are not bringing in ev- 
erybody who ought to be a piece ot it, particularly the universities. 

Do I get the right feeling? 
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Dr. King. They have not clearly articulated what they mean by 
the National Network Council. , , v,<.„« 

Senator Ford. Then tell me what you thmk they ought to have. 

Dr King. I support the notion that the management structure 
has to be distributed because there are many, many pieces of the 
network, including pieces run by the Department of Energy and 
other Energy missions that are dedicated to their purposes and 
other pieces of the network that have been developed by the uni- 
versity community. ^ , ^ , „ 

So you need a distributed managemeit structure, but you need a 
structure in which all of the sectors tnat are contributmg to the 
development of this network can participate in developing policy. 1 
think that is something that has not yet been defined. 

Mr. Thorndyke. Senator, may I answer your first question with 
a slightly different view? 
Senator Ford. Yes. , , i i. • •+ 

Mr Thorndyke. Certainly when you ask who the great majority 
of users are now, the answer is correct. However, as the first super- 
computers were introduced, there were virtually no users until the 
very selected piece of researchers found out how to make them 

practical in use. , .„ . 

The great danger is when we go for the masses we will ignore 
the fact that we must stretch out and develop the networks around 
these very advanced computers so that the other people can use 

*^men I operated a data center with supercomputer more than 
10 years ago there were very few users because, in fact, we did not 
have the user development. Later on it became a standard device 
that a lot of people used. So there is, in fact another view that says 
that we have to get very advanced networks and intf^uce these 
new machines to a select few people, and later on it becomes a 

standard well-used device. , r n 4. i rio+o =„r.«r 

Senator Ford. You are the former head of Control Data super- 
computer subsidiary—is that correct? 
Mr. Thorndyke. Yes. , ^ u^. « „,i,of +v,o 

Senator Ford. Perhaps you could shed some ^J^J^f o^, J'J.^;^?^^ 
Federal Government could have done to help Control Data. Specifi- 
cally, what role do you see that DOE can or should play in enhanc- 
ing U.S. competitiveness in supercomputing? , ^ , ^ . i„ 
Mr. Thorndyke. \ believe that the Federal Laboratories, by 
buying the early machines and helping the introduction of these 
machines into the network and helping in the early software devel- 
opment is essential to any new supercomputer introduction. Unless 
we in industry in the supercomputer business can get that coopera- 
tive help from the very experienced laboratories with the staft to 
support it, then I do not believe that anyone who can introduce a 
supercomputer into the marketplace today and make it a practical 

^""^naror Ford. I thank you all. I am going to turn it over now to 
Senator Bingaman. He ^yill be the Chairman for the re^^^^^^^ 
time and close the meeting out. We are all doing little pieces ot 
other things, so I am going to do my other piece right now. 
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Thank you gentlemen for your testimony. It has been good to see 
some of you for the second or third time, others for the tirst time, 
and I look forward to working with you in the future. 

Senator Bingaman. 

Senator Bingaman ^presiding]. Thank you, Mr. Chairman. 

Dr Hecke^, lei me ask a question about the other part ot DUih s 
budget, the Defense Program part of '^OE's budget, the request 
this year for the weapons technology b m particular. It has been 
cut, as I understand the figures, from about $429 million in the 
current year to a proposal for $389 million in fiscal year 1992. 

I want any opinion you could give as to the effect that that cut in 
that part of DOE's budget might have on the ability of DOE to sup- 
port this high performance computing effort in the respects .hat 1 
think you alluded to in your statement. , ^ ^, 

Dr Hecker. It is very significant. In fact, if you translate those 
dollar numbers to Los Alamos sperifically, in the last 5 years we 
have lost essentially one-third of our nuclear weapons research de- 
velopment and testing funding. . , . , ^ 

As a result of that, the consequence in high performance comput- 
ing has been that whereas in the past the nuclear weapons pro- 
gram has essentially allowed us to have the type of interactions 
that I described and Mr. Thorndyke just described of intertacing 
with whoever was out there who made the best hardware that we 
could interface with. So the interactions with Cray and all ot the 
other computing manufacturers were done under th^ unibreila ot 
the nuclear weapons research development and testing budget. 

That is simply no longer possible today because the research base 
has been squeezed to the point where we simply cannot do that any 
more. Quite frankly, that is why we have been so aggressive in 
working with the Department of Energy Office of Energy Research, 
to say that we feel Los Alamos still has a significant role to play, 
the way we have played historically, but today we need a broader 
base to support that, and we also have a much broader range ot 
problems that are quite appropriate for the Office of hnergy tie- 

So the effect has been significant. That is why we have worked 

in this direction. , . ^ i u- u 

Senator Bingaman. I guess the point I am trying to make which 
I think is consistent with the statement you just made is that wtiile 
we show an increase in the proposed budget of the administration s 
requested budget in the Energy Research Office account for this ac- 
tivity, you have other cutbacks in DOE's weapons program budget 
which more than offsets the kind of increase that we are asking tor 

We have a situation where the Energy Research Office involve- 
ment in this is relatively new. I believe this is the first year they 
have been involved. Maybe I am wrong about that, but I know it is 
not a longstanding mission of theirs, or at least that is my impres- 
sion. So I guess I am just trying to explore that issue as to whether 
DOE's ability to be involved in a leadership role in this high per- 
formance computing initiative has in fact been put back because ot 
the budgetary constraints on the weapons side. 

Dr Hecker. Your comment is absolutely right on. Let us say any 
potential increase from his initiative— certainly to date we have 
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not seen any because the initiative has not started-wiU not offset 
the decrease in the last few years in the nuclear weapons R&D 



But perhaps a more significant item right now is the «ne of the 
purchase or at least lend of the next generation of machine. That is 
what we hive been able to do with the nuclear weapons budget in 

^^ToC ! am facing significant problems. I ^f^'J'l^^J"^^ ^ 
am eoing to do that with the next big machine that is gomg 
cle arolnd. So this initiative, I hope, will have the financial A^^^^" 
biUty that will allow us somehow to pool J^e resource^^^^^^ 
next generation of the machine to do what Mr. Thorndyke said we 

'^^atSr BiNOAMAN. Let me also ask you about t^^^^^^^^ 
is on Dace 8 of vour testunony, Dr. Hecker. The diagram has in tne 
ieSterTf it purSng to pictirially describe the authorized users, 
and in ?he center is this HIPPI network which is the high perform- 
ance parallel interface channel, as I understand. 

L^nSoScASAN. I do not know. I have not read through all of 
thSrent statements here, but I get the d'^tXt'TSkiug 
thk is somethine which is essentially in place. What we are taiKing 
a^ut heS^ wffi essentially the adding to of what you 

s^ herfL m^^^^^^^^ right, or am I mixing a couple things 

""^Dr. Hecker. I would consider that to be only one P^rt of it 1^ 
fact it is the part that I described in my statement, the part that 
we Vink we ca^^^^^^ to; that is, the high end part of the net- 

"^For instance, the developmert of this channel was don^ 
Alamos, and it was done becau we needed it. We needed _to have 
the Crav be able to talk to a t. aking machine, to the output ae 
4es the terminals and so fortx:. There was f thing a^%l^^ ^i3^^^^^ 
where that was able to do that. So we deye oped this Jha^^^^^^^ 
800.megabit capability. So we now have at Alamos km^ 
mini network that allows these pieces of hardware to talk to eacn 
other. So that is the high end. , g 

We actually have a joint project ^^th Cal Tech w th tt^ 
Diego Supercomputing Center, JPL, and Los Alamos to now ta^^^ 
what we have here in a limited scale at Los Alamos and try to do it 

^^^hWar^i^^^^^^^^ some of what is necessary f^^^^^^^^^ 

hiffh end of the NREN, but that does not take care of the whole 
NREN proWem the NSF with the thousands of users 

wUl have different hardware- and software-related P^ob ems. So 
you have to take care of both of them I think bat .^f J^^^^^^ 
partment of Energy's concern is If there is a national n^^^ 
somebody has to make sure you do the leading edge stuff because 

that is where they are. „ ^, , , o 
Senator Bingaman. Yes, Mr. Thorndyke? 

Mr Thorndyke. I would 1 ke to add to that the fact that the 
HIPPI channeMs here today for today's supercomputers and we 
heard Dr Nelson talk about achieving a terraflop capabi ity, as I 
S.t J1s going to demand a network of significantly more 
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performance than the current HIPP! channel, and v/e have to start 
doing the research to bring that channel into being now, not 5 

years from now. . , . t 

Senator Bingaman. Let me ask one other question, and then 1 
will defer to Senator Domenici. 

Sometimes when I hear the testimony here and some of the 
statements made about this network that we are contemplatmg 
and trying to put in place, I have the fear that, like a lot of things 
around here, it is being overpromised and we are essent ly trying 
to portray this as something that is going to do everythi ^ but your 
laundry and maybe even that. 

Is it reasonable to think that we are going to have a system to do 
the high end that Los Alamos is moving ahead on and also be 
something which I think some of the questioning earlier, Senator 
Gore's comments, talked about, how a school child can go honie 
and plug into this thing and access the Library of Congress? Is 
there a point where you need to cut this thing off and say we 
cannot put together one network that is going to do everything 
that needs to be done in the western world; where we have to iden- 
tify a reasonably discrete set of objectives, and presumably they 
relate to supercomputing, and that is what we should concentrate 
on here, and some of these other things where students want to 
plug into the Library of Congress should really be done separately? 

Dr. RiCART. Tliat is a broad range, but it can be done as part of a 
single technological effort. There will have to be thrusts at the 
high end. There will also need to be some thrusts for breadth. If v^e 
do not have the breadth, we are not going to be sharing the fruits 
of the supercomputing with the vast majority of science and educa- 
tion in the United States. The nice part is we can deal with this as 
a single interconnected network. It does not have to be broken up 
into separate parts. ^ ui- u ^ 

The appropriate question is, how would you like to establish that 
balance; what should we go after first? 

I agree with v , comments that we need to pay attention to the 
high end, because without the high end there is no ice breaker into 
the new technology. 

At the same time, I think that breaking the ice does not make 
any sense unless you send some other ships after the ice breaker in 
order to carry through the goods that are going to reach the major- 
ity of scientists and researchers in the United States. 

Dr. King. The technology that is going to reach into homes and 
allow students to connect to the Libraiy of Congress is technology 
that will have to be deployed by the commercial infrastructure, 
commercial enterprises as part of a national information infra- 
structure. . . . 

However, the role of the NREN through a broad range of activi- 
ties is to develop this technology and to prove its utility both at the 
very high end and at the middle end and at the low end. I think it 
has done an outstanding job of doing that. You are leveraging the 
research and education community in education and in industry to 
develop the technology which will in the future be installed by 
commercial entities and will be universal and ubiquitous. 

Senator Bingaman. For that low end, we have the technology. It 
is a question of just whether or not we want to make the invest- 
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'4. ;f «r.f9 T mpan vou can sign on for Prodigy and 
ment to use it, \s it not-M "^t^ /^^^^^^rL-l are various commer- 

SlSlfprC^s the. is 

doing and start ^"'''^'"K °" J*f J^ke ^^^^^^ t2 build this 

:&d c^pS ISoT:»'^hSSse. I guess. Am I w„.ng 

* A'a ^aVtmberof data 

S?!iSrnttM;Xte« decide 
that It is important to invest m acquiring that tecmioiogy. 
Senator Bingaman. Senator Domenici. witnesses 
Senator Domenici. First, for the recora ana ■« „lier. I 

tl^ went befr , let me fpobgvze for not g^f i8^h/„'^to N here 
seem to ' ave .wo things at one ^Jfyn -m tiding my best 
on something i^*f^<^^^i},^X^'^S and we are&ere yet. 
ro tlSm over there. I had my 

*A™^*'wan^^^^^^^^ 

MeX Lm Wyoming for P""mg this bi^^^^^ 343 I hoPe tV^t 

.We do not end up in a three-way s'««''\"|,J5^g?hev favor the ini- 
with the administration on *e o"e hmid ^ying the^ l^^^ 
tiatives both in the collaborative, consortm^^^ network, 
and then the idea of a high capacity "8"""'*^?®^?;" ^^ojw major 
?he soKialled interstate highway .sy''«™Vi?,"^JXXa ^ 
committee that Senator Gore chairs wan''"^ ^^^^^ 
broader and involves, as they s^ i^j^ om^^^^ I ^ope 

t&^rca-SsTutlS fetn^X^i^d and not have a ma,or 
^r^^^ we -Id spen^^^^^^^^^^^^^ 

^ZA:t^"-^^^^r^^^ ft U 'vlry'e^- 

little State like ours fo^, schoof ^ou^^^^^ jenr 

the competition was enormous. 
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I only cite it because it seems to me we are terribly remiss as a 
Nation if we do not have somebody out there in a programmatic 
way seeking that kind of thing out for many, many millions of 
young people. 

I am sorry, Dr. Hecker. I did not read your testimony. But if Dr. 
Hecker did not indicate, frankly it was Los Alamos National Labo- 
ratory on the demand side that drove supercomputing to where it 
is. We would not have a Cray if Los Alamos had not made it known 
in the marketplace that to do their job as a nuclear deterrent 
learior they needed something bigger than what we had. Frankly, 
Cray will tell you they were the only ones around. They were the 
demand side of that, and it was being driven to meet their needs. 

Now we have this huge capacity around, and the Energy Depart- 
ment owns it all. Clearly what this committee is worried about is 
that we do not let that go to waste. First, we should use it appro- 
priately, and if we are going to put additional money in for R&D 
we should not let that department and its laboratories which cre- 
ated this situation take a very important role. 

Clearly, when you go from that to where we are now, as I under- 
stand it— and I just put this to the four of you— the administration, 
my staff tells me, does not oppose the creation of the high capacity 
nationwide network, the so-called interstate highway system con- 
cept, and they do not oppose the creation of an R&D collaborative 
consortium at the DOE labs. They are a little concerned about 
whether we have made it too tight rather than loose enough. 

Might I ask, is it your general impression that if we could do 
those two things without conscription, the National Laboratories 
would be involved in the consortium activities on supercomputing 
R&D and if we would create and authorize this international high- 
way system, if we could do those that we ought to do it? 
What do you say on your end? We will start over here with you. 
Mr. Thorndyke. Yes. With the exception that when you talk 
about a highway we tend to look at our highway needs today. In 
many cases we have not looked at what is really going to be our 
highway needs in 5 years from now. For example, there is now 
being created high capacity commuter lanes. A& we do this super- 
highway, I am over on the side that says let us build a very high 
capacity commuter lane because it will eventually be used by a lot 
of people; not many to start, but eventually it will become the 
model of the new highway. 

Dr. RiCART. Yes, let us do it in a distributed way. Let us do it 
with a multiyear commitment. Let us involve research and educa- 
tion. ^ , , , 

Dr. King. I agree with what Glen just said. I think we need the 
network, especially the developed high-end aspect that I think we 
could contribute to; but on a national be^is I think the network 
would help. Could one help in terms of collaborative centers or 
whatever you call them, centers of excellence? Again, I made the 
pitch that that is the best way the DOE laboratories can serve the 
Nation's high performance computing initiative. 

Senator Domenici. Let me just close and thank Senator Binga- 
man for yielding to me. I have just one further observation. 

We draw analogies around, and we think they are pretty good on 
the surface, like the national interstate highway system as the con- 
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cept here. But frankly, it falls P'^^^^X^Mate W^^^^^ 
out there in the field. It is very easy to use the interstate "ignv^ay 
Wui it ac^^^^^^ anybody who has a car and it does not 
Srl^tLryTknow about it and that you make ternbly serious 
dSnslut using it because it is kind of there and everybody 

"'Sn^oTth?^^^^^^^^^ access to this kind of system 

at leLt in mToS is the tremendous diversity of need out 
?Lrrand thTlack of understanding ^nd knowle^^^^^ 
available and the enormous duplication that exists out there m tur 
nishinc ^ome kind of service that is similar to or close to. 

Swould be a public kind of entity, and, frankly, public enti- 
ti^ of thSTt™ in tU kind of an arena do not necessarily work as 
^^Sl L mor?^r vate ones that are pushing it for their own inter- 
Tst 1^0 not ^ow how to marry the two up, but I am absolutely 
nf«x.inr«1 if tWe was some private interest in pushing the access 
"elf llS system a?oTg liih the Federal Government putting 
it t/iffpther it would really work better. 

I df not ImoT how to do that, but I just leave that as my closing 
remarl^ I am absolutely certain of that We wjU spe^^^^^ the 
othpr wav the way we are going to go about it, than it we had two 
f^esZd oZ las private o? a series of private ones and one 
Government one. For now, I will leave it at that. 

Thank vou all very much for your tnoiightful testimony. 

Sen^KNGAM^ Thank you all very much. I think it has beer, 
a good hearing. We appreciate the testimony. 

The hearing is concluded. 

[Whereupon, at 4:14 p.m., ths he&ring was adjourned.l 
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Appendix I 
Responses to Additional Questions 



DEPARTMEfnr OF Energy, 
Congressional and Intergovernmental Affairs, 

Washington. DC, May 3, 1991 

Hon. J. Bennett Johnston, 

Chairman, Committee on Energy and Natural Resources, U,S, Senate, Washington. 
DC 

Dear Mr. Ch.jrman. On April 11, 1991, David B. Nelson, Executive Director, 
Office of Energy Research, testified before your committee regarding S. 343, Depart- 
ment of Energy High-Performance Computing Act of 1991. 

Following the hearing, you submitted two written questions on behalf of yourself 
and Senator Bingaman to supplement the record. Enclosed is the answer to question 
2 (Bi)igaman). The remaining answer is still in the clearing process and will be for- 
warded to you as expeditiously as possible. 

If we can be of f urther assistance to you or your staff, please contact our Congres- 
sional Hearing Coordinator, Barbara Campbell on (202) 586-8238, 
Sincerely, 

JACQL ELmE Knox Brown, 

Assistant Secretary. 

[Enclosure.] 

Question From Senator Bingaman 

Question: In your response to a question I asked during the hearing on the subject 
of funding for DOE's role in the high-performance computing and communications 
program and the fact that the DOE funding will be through DOE/Energy Research, 
you made the statement that DOE/Defense Programs funding "will always be 
there.'' Would you elaborate on this comment? 

Answer: DOE/Defense Programs funding supports the DOE/Defense Program 
needs Arhich have traditionally included high performance computing. It is my un- 
derstrjiding tnat some of this funding has been used collaboratively in the past on 
high performance computing projects. DOE Defense Programs has always placed a 
high priority on high performance computing, therefore, I am exT)ecting that there 
will continue to be mutually beneficial opportunities for high pe formance comput- 
ing collaborations between DOE/Energy Research and DOE/Dciense Programs in 
the future. 



Department of Energy, 
Congressional and Intergovernmental Affairs, 

Washington, DC June 3, 1991 

Hon. J. Bennett Johnston, 

Chairman, Committee on Energy and Natural Resources, U.S. Senate, Washington, 
DC 

Dear Mr. Chairman: On April 11. 1991, David B. Nelson, Executive Director, 
Office of Energy Research, testif before your committee regarding S. 343, Depart- 
ment of Energy High-Perfbrmance Computing Act of 1991. 
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At the time of my last letter to you dated May 3 1991. the response to your ques- 

sionaTnearing Coordinator. Barbara Campbell, on (202) o86-8238. 

Sincerely, Jacqueline Knox Brown. 

Assistant Secretary. 

[Enclosure.] 

Questions From Senator Johnston 
QuesUon: In your testimony you *!j;''™i;S^^^^^^^^ 

Section 8(a) requiring title to '"^^"t'ons or sottware creat^^^ otherwise 

^ S'narriSo'n'^ira^^^ 

'''iliition 8,b, proWb W 

!SSra"nd which from a non-Federal part.cipant in research .c- 

?hl1?nV'u^V»r.a«^^'n«rt^alI P^^de ia„gu.^ that 
a fl/ . „f c; U-i aa introduced would provide that title to "software 
cre^:-^ S"g f-'*" S !?»aSfena»e;i:e lit 

ment's or the pubhc's interests. this section from the bill in order to 

a„l' IfflhSTxlSt^™ ^jKot„".r S?. The Administration con- 

"'a^So'„"'l(bnfr-343 .» introduced would P-hib|. dis^^^^^^ 
or commercial or financial 'nf'>™"^'»" *" 'Son S"nZtrial intellectu- 
important role that trade secrete ^J^^^y^S'l^^ g^ernmenfs high per- 
al property in software, private sector P»™ciPm™ >" B participate 
formaSce computingand c<,mm^^^^^ 

"»Tcrrid pSfihl^aTeV^^^^^ commercial information pro- 
du«d uJder this program, aa discuased atove for 8(b). 

^"^iiTS^J~En.rgy and Natural Besour^. V.S. SenaU. Wa,kins,on. 

D^' f ^ If^^lTglperforV^?^^^^^^ 
your Committee to testify on the D?P»""n«"' f A'^'JfL S the progress you and 

your two bills. ,^^wi m thp two written questions you sent to 

L'-oMs"'!/'"'? ^'^i' ^^^^^^^ °" 

puting and other topics. 

Sincerely, S.S. Hecker, Director, 



[Enclosure. 
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Responses to Additional Questions 

« ^rEoTFY 1M2 bldSrwlld^^^^^^^^ »" *e investment. Ini- 

tial tav^toLts fa the centers of oxodlence «iU have significant payoff m subse- 

:i?^n-f^o»£fs^i:iss^^ 

nowerful early production computers be available to the hPCCI in a |yj^~"V^"^ 
Vnrt^ of the second-generation Connection Machines at Los Alamos has 

®T''3f£n DOE could sienificantly strengthen the response of the computing in- 
A^^f^ t Soi^n^ V^P^^ to develop computing systems 

X'eff^tWely augment DA UPA's role, I recommend that an additional $5 million 
in FY 1992 devoted to industrial R&D should be considered. . uoari„cr 

SSS. However, the center of excellence concept inherently implies that there 
aJ^^vSTfew NotVveryone can, or should, be Bt the leading edge. 
^uSSt funding must be favested fa these few centers that they can aotuaUy 
^J^. .^rieadSreXTand make a difference. Establishing many centers mU 

graded through "JJ^^ should help the other laborato- 

of crrJe!rfn addition to sharing the knowledge and experience gamed at a center 
with the other laboratories. 
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ERIC 



Prepared Statement of the Institute of Electrical and Electronics Emgineers. 
^ ' United States Activities 

Tt ifl a Dleasure for the IEEE-USA to be able to submit this statement for the 
record on ^43 the Departrnent of Energy High Performance Computing Act of 

TPFF TISA is the -vorld's largest engineering society representing more than 
•^20^ worldwide of w^^^^^^ 250.000 live and work in the U.S. The 

TFfrF thP Unitpd States Activities Board addresses policy issues reiaung w 
bS sco% Sf^mScations services and develops recommendations on those 

^tS' IEEE commends the attention now being paid by the Administration and by 

f^Zsl^^rh^^^ and combJion to the foTHf^tTi'^UrSi a major 
TKT^nnrtment of Enerev. through Its national labs, has always oeen a ni^joi 

fehem effitively to solve7rot.lems ^ key player in 

Thus, it is moat appropriate that the Department of Energy be a Key piayer u 
any High Performance Computing Program. 

KKY POINTS 

The IEEE would like to emphasize a few key pointa regardine the state of high- 
•»*«rhMo™»5- S'mXsfir™ "«wo.ld leaders, but in- 

^ Fv^TSre were no competition from abroad, it would be in the natwnal 
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architectures work and can uj.:. _„d , ™iie<l research as 

wiiE«S1^^^"»n« 

^rthrSriir^Srr^^^ necessary to develop, not the nert generation 
In the Jj™^ P^^' ^"ft-^^ ia becoming more expensive and nsky. Yet, U.. . 
machme but the one smiS-far too small to mvest 

^'^.ntiiuv nisi ^ r^arc^ ^th^ut assurance of appropriate 

"oSiemm'ent K conUnue and increase its investment m research 

the atate of the art in computational science and see that these new lecnmq 

naSreSeiSj High-Performance Computing program such as the one of which s. 
"iU talttise substantive sections, and we would like to comment briefly on 
each of them. 

HIGH PERFORMANCE COMPUTING PIAN 

Department of Energy, reseu^h facUiti« inc^de ~m^^^^^ 
moit'data-rich scientific instruments and SSff?^*/^' i^nerMe even gioater 

to develop a reliable inventory of JSlv raised in the Lax Report in 

1984. although science has ^-yn ^'^f^'^'l'^^'^^^^S^sZh dBi^ 
any better Quantitative estimates of need a^^^ 

become very important >n>elping to answer ^Jj^ ^^J^^^^ supercomputer 

ardrw-^nKT^^d^f "^^^^^^ ^-'^ 

must the data bases be and how fast must tht, perform?) 



COLLABORATIVE CONSORTIA 



With iu provision for collabor.ti™rti.. & 343 .«1ui £ »PSitu«„Stott 
in high-performance computmg ttat rMidM «^n t^^^^ 
within the and put i to »«^»",P'Jl^i\",S ">e basic 

consortto would, if 'J^S^^^^'lS 't ^mSLS aSl laboratories, and 
T^r^Xy t^Ss";fork?'Se I'aU and industry-both users and pro- 
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To do so successfully however, it is imperative that both university research lab- 
orltoriL anT'nXtrial users and producers be full participants in these consortia 
to thr maximim eSt possible. Otherwise, one risks funding simply another in- 
house g^^emment research activity with minimal intellectual impact on the re- 
qparch community and minimal technology transfer to industry. 

It U aZ^SJtant to assure that the research supported by the consortia con- 
form to the S and ^s^^^^ of the interagency program. This could be done 
[hr?ugh mlcCms such a^^setting up external scientific advisory committees or 
conducting reviews by FCCSET-sponsored committees. 

NATIONAL HIGH SPEED DATA NETWORK 

The IEEE believes that a very high speed data communications network is a criti- 
r Jcomc^nent orany plan to expand theinformation infrastructure for the scientif- 
c and SeeHng research community. Networking has already become a b^ic 
U for teSXmmunication. and we aie only J^S^i^ 
of its Dotential It enhances communication among researchers. It provides new 
wais fSustrial and academic researchers to collaborate, thus enabling technojo- 
^llIZfTb^tleen l^^^ research and industrial innovation. Even small high- 
S:h rris (^n pIS^^^^ in research projects, gain access to specialized computers. 
oStware and data and tap relevant expertise anywhere in the world. 

trnc^rapW Sn^ key to competitiveness m our economy. 

thP IEEE Scouraees ripid expansion of what has come to be known as the NREN, 
Ind ho^ that dSeements over details of its management and operation will not 

"'wfwouJj HkX*?t?^aTew key points about the network that should be taken 

^wSid^j^^^^^^ rh" 




and NASA, inis interim ^^^w^^^, . *^ " '"Jf ,• •n 'ToV^at Tq snpwla bv 
nation All basic communication "backbone" links wil operate at TS speeds Dy 
fhe Sd of th^ 5ear far ahead of initial schedules and plans and reflecting the 

growing demands of the research community. „„*^„rk nf nptworks 

ThP Interim NREN is not a single network, but a network ot networKS. 
NREN in ite broaS form, consist! of Federal agency networks. Pnvate sys- 
tems stite and regional networks, and. of course, local networks on most cam- 
mSS and re^arch laboratories. This pattern will undoubteaiy continue, with 
the^NREN SSg e?e? more complex. Thus, the network is not a «nfle entity 
thit any inSStion will "pr(!cure". "build", or "manage" in the tradition- 
al tn2^ of the words. Rather, cheating NREN will be t °f ^eade^^^^^^^^^ 
a group of partners: Federal and local governments; private and publ c systems 
commercial and non-commercial institutions; users and providers. This is a deli- 
cate balance that, for the moment, appears to be working. 

The Scture and form of this partnership, will need to change over time, 
pvolvincr as the network CTOws and as the o nstituencies it serves grow. 

ations in desienine this network. These are best handled in the early d^ign 
sS needlessly disrupt the balances and agreements that underlie 

thp current CTOwth and operation of the NREN. . . 

The lEEE^Ueves that it is in our vital national interest that we move as 
qu cSy as possible toward implementing a universal, d-banji c°S"on to 
tion svstem m the United States for general commercia use. In addition to 
sS^S thTtSlu^fcal immunity. NRE?I should be seen, in part, as an impor- 
S^^fading^»^ for that development. It will be a test-bed. for development 
SstudTof Sic technologies, standards, high level, applications and ^hcies^ 

To accomplish this objective, it is important to invo ve. to the niaximum 
extent SS rthe private 8ecti)r-u«er8. information service providers. telMom. 
mScaSs Srvice providers, and so on. They should participate by offering 
SSs™and'by serving .on outside ovemght^^^^^ f^TJ^wrSnoh^ 
panels that may be formed to guide NREN development. I" t^w waj^. tecnn^^^^ 
and exoerience can be transferred rapidly to industry. NREN services can to 
f^mmerdE i soon as possible, and the NREN can evolve in a way that 

'''^^liMtlt'^fnl^orl. will evolve to sen^e a wider constituency^^^^^ 
cation libra^es. and so on-these usenj will also need to be consulted fulW and 
SntMy or'system design and policy issues. In this way. the NREN can 
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serve as a continuing test-bed for the broader community of users and not 
Enrcaptive of any single entity representing some narrow group of users. 



CONCLUSION 



In conclusion the IEEE applauds the efforts of the Congress and the Administra- 
tion i^m^SSK fomardwit^^ t^ important initiative. That this is happening m 

mes'of suTtiS^^^^ is testament to the J^ll^f i^^J^JS^^^^ 
technoloffies to our future strength as a nation, a belief that the IKEb holds strong 
WlS Sular IEEE expects such an initiative would create wealth far in excess 
S ite cS Cencoi^rage although careful and constructive consideration of 

?hifa^?ielat^ Sation. ^e look fomard to working with the Ck,ngress in devel- 
opfng sound and effective legislation and helping encourage its passage. 

Prbpared Statement of George R. Sell, Professor of Mathematics and Direc- 
tor MmyS Computer Research Cbnti^, Universitv of Mm- 

NESOTA 

Mr Chairman and Members of the Committee: I am pleased to be here today to 
di^^S m^Sdy&w^Tnent of Energy High Performance Computing Act of 

^^TiiR leirislation is suDPortive of the implementati ^^ of the High Performance 
Cx,^utS^?d CoS^^^^ program tl^at has be^-^thoughtfulW^^^^^ b^ 
task force of the Federal Coordinating Committee on Science a^J^^J^W-Sj 
iTnreeiaelv the oroeram that, under the auspices of tl.e U.S. Army, the University 
SSS;Sti ha^ bSrunplementing. We.beE^^^^^^^ 

gram, with great benefit for the economic and scientific life of the nation ana it 

'^fe^im 'iriMivers^^^ of Minnesota responded to the Request for Pj^pc^als 
issued by the Department of the Army for JBgablishment ^Ij^^'^^yj^^^^^ 
fnrmance Comnutinir Research Center (AHPCRC). Our proposal was se/eciea 

a S SpeSi for the award of a five 
ArmfResearch Offi«!e in Research Triangle Park, >4orth 

awarded to the University of Minnesota includes ^^J^^^l^nti^ at Howard 
(1) Collaboration with researchers m high performance computing at nowara 
Tlniveraitv Jackflon State University, and Purdue University; ^ , . , 

(SrA mkior^t spring plan by the University of Minnesota to develop 
huma^ r3°^resSSial?y^?t the 'graduate and P^,^^J;^^hL^^^^^^ 
hance faculty positions in discipUnes strongly involved m high periormance 

'^I'^omiiutment by the Univereity of Mmnc^ta to Jfth^UrS^Sui^'- 
contract toeether with the computing facdities already at the Minnesota buper- 
Sufhig^JnterCluding thS largest Cray2 available), to develop algorithms 
and techniques for massively parallel computers; 

(A\ Office soace at the new building named the Minnesota Tech Center, in 
clidh^SdeJK Lei forapprolJSately 28^Hi^h Performance Computing 
GrSte^lovra 10 Postdoctoral Fellows, 8 Visiting Scientists, support staff, 
a moIS S^^^^^ Visualization Uboratory with fiber optic connec- 
tions to the Minnesota Supercomputer Center across the street. 

RELATION OF THE AHPCRC MISSION TO THE HPCC iNITtATIVE 

Thp Hiffh Pprfonnance Comouting and Communication (HPCC) Initiative put for- 
ward by fh^OfficeTsc'en^^^^ 

roncentration I Would like to describe how the AHPCRC meets the goals oi these 
S areas Sd hTwe inte^ to further the HPCC progr^ by ensuring, that the 
«lSa?Jh LiTdevebpment carried out by the universfty Is directly beneficial to the 
^SL^t of lifeSlin particular, tie U.S. Army sftes involved m utilizing high 
performance computing in carrying out their mission. 

HIGH PERFORMANCE COMP' <Q SYSTEMS 
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Cray computers, this provides an ideal environment for the development of massive- 
ly parallel algorithms for future computations. 

ADVANCED SOFTWARE TECHNOLOGY AND ALGORITHMS 

Software support for grand challenges is a major part of the AHPCRC mission. 
Throueh subcontracts with the Minnesota Supercomputer Center MSC) we have 
addS abo^t th";^^^^^ infrastructure personnel to help train new users of 

?he hiKh^^^^^^^ to develop applications of interest to army scien- 

tists in thSrlabS and to help in interfacing with university researchers to work in 
arSs relevant to arm^ Of these, ak)Ut half have Ph.D 's in scientific disci- 

E and the 7estTre com^tent in programming, graphics, databases, ot commu- 
nications On^third reside at the MSC to assist local and remote users of the facili- 
ties there and the other two-thirds reside at the Army labs. 

%e AHPCRC supports multidisciplinary teams of faculty, postdoctoral fellows. 
Hrc grXate felloSrresearch assistants, in practically ^lldepartmen^ in the sci- 
entific discSunes, not only in the Institute of Technology, but also in the School of 
Pub i? Sh at the University of Minnesota. These teams are involved in the de- 
vebpment of and Tools for high performance comouting. 

The? are also concerned with^he development and transfer of Computational Tech- 
niaues relevant to their disciplines. . , i. 

?ou^ the major component of t he AHPCRC is that it represents one of the 
fi«t mgh^erformance Computing Research Centers called for in the initiative. We 
hSfeintrodS an innovative computational testbed. and ve are the focus of seyer- 
jrTeJhnolo^ TranS projects designed to move university research directly mto 
Army labs and research centers. 

NATIONAL RESEARCH AND EDUCATION NETWORK 

The AHPCRC serves as a major gateway between the NREN and the Army Su- 
oercomouter Network (ASNET). Through the combination of all the networks 
ffir/Srthe Internet (NSFNet. ESNet. A.SNet. MILNet. etc.) the high perform- 
SSTe com?utbg fS^^^ at the AHPCRC are directly 'f^^^^^'^'^SS'^^'^S 
United States (and some other countries). Interest in developing one of the gigabit 
^eSt'bSs-IJ^oS Army sites is keen, and projects are ^^^V^^, hSpTSI S 
for teatine verv high speed remote access to the combined Cray 2-HiPPi -^M^ laciii 
y to bp7unSnffS the AHPCRC. NREN ^^nn^t^ions provide dm^^^^^^^^ 
our partnei universities at Howard Univers ty. Jackson State Univers t>% and 
PurdSe University, helping to make "remote" partners an integral part of the 
Center. 

BASIC RESEARCH AND HUMAN RESOURCES 

The University of Minnesota has decided to ^i'^e^V^man'^SsLr^e^' eso^iaU^ 
AHPCRC research dollars towards the development of human » f ^ 
at the graduate student and postdoctoral level. To meet this goal the AHPCRC has 
frovidK environment for training students in the vanous disciplines that in- 
?re hfgh VX™^^^ computing. tL contract P^c vides for supprt ^^^^^ 
of HPC graduate ffexlowships. which must be U.S. citu^ns. With P°.J-^^f.^, 
Ine this number is about 20 this year. It also provides for the support (again, with 
un^VlrJitrc^^sharing) 0^ 10 postdoctoral fellows, and about a dozen snort 

terrSd loS term Each of the workspaces in the new building is equipped 

wkh rmSn J^J^erful workstation (about half of which have co or graphics con- 
Sted Kugh C networks to the Internet. This environment is ijeal for train- 
S multidSpl S students all concerned with the problems faced in computa- 
t?onS sciSce postdoctoral fellows, and senior visitors in mathe- 

ria^fcs Sp^^^^ chemicd engineering, material science, chemistry, me- 

chanickl en&neering. aerospace engineering, Pj'fnl^^Vaff Ch 
working side by side learning the sk lls required to do Grand Challenge compuia 

We havrbegun to develop summer programs involving undergraduate students 
from ou? minS school partners. In addition we are facil tatmg summer work pro- 
grams at ^re of The Army labs, as well as prolonged visits to the University of 
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Minnesota. In summary; I believe that the AHPCRC F^'^X^ ^ff 5f 

gtes described in the £PCC^^ ^ 

ef?oS t« ex?Kl We strongly Indorse the objectives of the HP(5c Initiative. 
This concludes my testimony. I will be hai py to answer questions. 
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